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Introduction
Email discussion [86b-23] on DL control channel design was to discuss based on the proposal made in R1-1611036 at RAN1#86bis. A list of questions was provided to progress the understanding of the proposals and associated benefits and trade-offs of defining a two (or multiple) steps control channel for NR.
In order to focus the discussion and avoid overlap with email discussion [86b-21], it was proposed to assume that prior information on search space for the first control step is available (including “DCI monitoring occasions” and “control subband(s)” as agreed at RAN1#86bis). Therefore, companies were encouraged to consider these assumptions when providing answers to the questions in section 2, unless otherwise explicitly indicated.
Summary of the discussion
Support of single-step DCI
In response to question 1, companies highlighted use cases for which a single-step DCI should be supported for NR. Companies did not exclude that two (or multiple) steps DCI may also be supported for other use cases. Use cases that multiple companies mentioned for which a single-step DCI is generally preferred over a multi-step DCI:
· Common control signaling
· For fallback control monitoring
Other companies pointed out that single-step DCI can be used when there are multiple HARQ processes and the gNB does not have a tight turn-around time requirement to generate the DCI, and that single-step DCI may offer benefits in terms of CRC overhead. Some companies argued that a single-step DCI is sufficient when transmissions have longer duration (e.g. larger packet sizes for eMBB). It was also mentioned that a single-step DCI may offer benefits for ensuring reliability of the control and for reducing decoding latency (e.g. for URLLC). However, these points were also debated under question 2 and other companies felt that two-step DCI may offer benefits in these cases. It was also clarified that a PCFICH-like channel, if needed, would come before the first-step DCI.
Proposal 1:
· NR supports DCI transmission in a single step at least for common control signaling.
· Continue discussion on other use cases which may rely on single-step DCI for UE-specific control signaling.
Use cases and benefits for supporting a two (or multiple) steps control channel design
In response to question 2, companies highlighted use cases for which a two-step DCI transmission approach would provide benefits over a single-step DCI transmission approach. The use cases are summarized below:
· Processing timeline improvement
· gNB side: quick gNB DL scheduling turn-around where the first DCI is transmitted before the gNB has finished decoding HARQ feedback from PUCCH
· UE side: only minimum control information necessary for starting channel estimation and demodulation at UE is contained in the first-step DCI in the first OFDM symbol of a slot
· Control payload offloading: to save control resources for DL assignments in the first-step DCI, with more spectrally efficient transmission of the second-step DCI
· DCI length management: DCIs of different lengths can be split in two steps with a common size of the first-step DCI, thereby reducing blind decoding efforts
· For transmissions of short duration (such as for URLLC) for which provision of full control information for every transmission would result in excessive overhead
· Two-step DCI could be used to reduce the control overhead by applying multi-slot scheduling for 1-step DCI, e.g. MCS for the mini-slots can be indicated in the DCI at the beginning of a slot
· Resource adjustment: first-step DCI includes the original scheduling information for UE; the second-step DCI includes the possible resource adjustment for this UE (e.g. eMBB and URLLC multiplexing)
· Easier beamforming control: the first step uses a wider (more robust) beam while the second step uses a narrower beam (same as for data).
· Separate resource allocation and MCS indication in two steps can also be a benefit assuming measurement and measurement reporting can be conducted in between.
· Dynamic change of transmission mode
· Forward compatibility: easier extension of the control channel capacity in the second-step DCI

Observation 1:
· A number of use cases have been identified where two (or multiple) steps DCI transmission could have benefits over single-step DCI. Benefits were also seen in terms of forward compability.
Companies also provided trade-offs and aspects that need further consideration for the support of two-step DCI, such as power allocation optimization, increase of total DCI bits, CRC overhead, DCI blocking rate. A more complete list of metrics for the comparison of single and multi-step DCI is provided in section 2.6.
Proposal 2:
· Continue discussion on use cases and trade-offs of two (or multiple) steps DCI transmission.
Functional splits between the multiple steps (i.e. which part of the DCI in each step)
In response to question 3, companies provided initial views on possible splits of DCI information for the multiple control steps. Resource allocation of data and information necessary to start data demodulation were most commonly mentioned for the first step DCI, as well as information related to decoding the second-step DCI (e.g. resource, format/payload, etc). However, it is recommended to further progress on the use cases to gain a clearer picture of the possible splits of DCI information. A summary of responses is provided in the table below.
	
	Step 1
	Step 2

	Qualcomm
	Demodulation related parameters, such as RA, antenna port usage (rank) and modulation order
	The rest of the parameters, mainly related to the HARQ transmission, such as HARQ process ID, RVID, NDI, coding rate, etc

	InterDigital
	Frequency allocation, MCS and antenna information
	HARQ information and possible MCS adjustment

	Huwai alt1
	Time-critical control information, such as resource allocation, DMRS related information, potential payload size of the second-step DCI
	The rest of information, e.g. HARQ related information, UL feedback triggering indication, etc

	Huawei alt2
	Control information that relates to data reception/decoding directly, e.g. resource allocation, HARQ process ID, NDI, MCS
	Control information that does not related to data reception/decoding directly, e.g. HARQ feedback information, UL feedback triggering indication, etc

	Huawei alt3
	Original scheduling information
	Potential resource adjustment

	Xinwei
	Slot type information, how to decode the second stage control, basic demodulation information for data, UL control related information
	

	Panasonic
	Part of control may be sent in "PCFICH like signal"
	

	Mediatek
	Unicast or multicast: indicate at least resource allocation information
	Data transmission/HARQ related scheduling information and assistance information for advanced receiver

	Convida
	Information related to the format/payload of the second step DCI, Information related to the location of the second step DCI, transmission mode indicator 
	All other information related to data transmission

	Fujitsu alt1
	Urgent control information, such as resource allocation, etc
	HARQ information, MCS, Transmission power

	Fujitsu alt2
	Urgent control information, such as resource allocation, etc
	Indication on the possible resource adjustment for this UE, e.g., reallocating part of the previously allocated resources to other UE(s) or to other services of the same UE. Here, the reallocation includes the transmission direction change, i.e., DL to UL or vice versa

	Intel
	Resource scheduling, subframe structure, and MIMO-related information
	The rest of the control information including MCS and HARQ-related information

	LGE
	The resource location of control region for second level DCI
	Second level DCI used for mini-slot scheduling similar to LR discussion



Proposal 3:
· Continue discussion on the DCI content split between the two (or multiple) steps DCI transmissions.
Indication of resources and information necessary for decoding the second step DCI
In response to question 4, there seems to be consistent views that the first step DCI is blindly decoded in an OFDM symbol of the DL control region, which may be the first OFDM symbol of the control region. One other proposal was that the first step DCI is transmitted in a mini-slot.
Several options were proposed for how to indicate the resource where the UE can find the second step DCI:
Alt1: In a later control OFDM symbol (including the case with a split control OFDM symbol)
· Alt1a: same PRB as first step DCI (for UE-specific control subband and front-loaded DMRS)
· Alt1b: same or different control subband (for common control subbands)
Alt 2: In the PDSCH region (where the resource of PDSCH region is indicated in the first step DCI)
· Alt2a: some default/implicit rule used to identify the REs carrying the second step DCI
· Alt2b: blind detection within a resource indicated by the first step DCI
Alt 3: In each candidate mini-slot resource at a pre-determined location within a resource indicated by the first step DCI (which could be transmitted in a group-based manner)
Proposal 4:
· Continue discussion on the 3 alternatives for the transmission resource of the second step DCI.
Transmission schemes and reference signals for the multiple control channel steps
In response to question 5, two types of transmission schemes were proposed for the two-step DCI transmissions:
· Same robust transmission scheme for first step and second step DCI transmission
· e.g. transmit diversity or single beam transmission, both located in DL control region and sharing demodulation RS
· Different transmission schemes for first step and second step DCI transmission
· The first step relies on e.g. transmit diversity or single wide beam transmission, while the second scheme relies on narrow beamforming and shares DMRS with PDSCH in data region
Proposal 5:
· Continue discussion on the 2 alternatives for the transmission scheme of the second step DCI.
Methodology for the study of two (or multiple) steps control channels
In response to question 6, companies provided metrics to be considered in the comparison of single-step and two (or multiple) steps transmission of DCI: gNB/UE side processing timeline (e.g. latency reduction for data decoding), control overhead, control capacity, scheduling latency, scheduling restriction, blocking probability, complexity (e.g. blind decoding) and power consumption, reliability/robustness of control channel, flexible resource usage for control channel (e.g. forward compatibility).
Possible need for multicast/broadcast signaling to support UE reception of two (or multiple) steps control channels
In response to question 7, some companies mentioned the possibility that the first step DCI could be transmitted in a group-based approach. Most companies responded that it does not seem essential to define a PCFICH-like channel in relation to the support of two (or multiple) step DCI transmission, while overall the study of a PCFICH-like channel requires further discussion equally applicable to single-step DCI transmission (e.g. how is the UE informed about control subbands and control region size and its search space for the first DCI).
Conclusions
Based on the views from companies collected by email between RAN1#86bis and RAN1#87, the following proposals and observation are made for the study of two (or multi) steps DL control channels:
Proposal 1: NR supports DCI transmission in a single step at least for common control signaling. Continue discussion on other use cases which may rely on single-step DCI for UE-specific control signaling.
Observation 1: A number of use cases have been identified where two (or multiple) steps DCI transmission could have benefits over single-step DCI. Benefits were also seen in terms of forward compability.
Proposal 2: Continue discussion on use cases and trade-offs of two (or multiple) steps DCI transmission.
Proposal 3: Continue discussion on the DCI content split between the two (or multiple) steps DCI transmissions.

Proposal 4: Continue discussion on the 3 alternatives for the transmission resource of the second step DCI:
· Alt1: In a later control OFDM symbol (including the case with a split control OFDM symbol)
· Alt1a: same PRB as first step DCI (for UE-specific control subband and front-loaded DMRS)
· Alt1b: same or different control subband (for common control subbands)
· Alt 2: In the PDSCH region (where the resource of PDSCH region is indicated in the first step DCI)
· Alt2a: some default/implicit rule used to identify the REs carrying the second step DCI
· Alt2b: blind detection within a resource indicated by the first step DCI
· Alt 3: In each candidate mini-slot resource at a pre-determined location within a resource indicated by the first step DCI (which could be transmitted in a group-based manner)

Proposal 5: Continue discussion on the 2 alternatives for the transmission schemes of the two-step DCI:
· Same robust transmission scheme for first step and second step DCI transmission
· E.g. transmit diversity or single beam transmission, both located in DL control region and sharing demodulation RS
· Different transmission schemes for first step and second step DCI transmission
· The first step relies on e.g. transmit diversity or single wide beam transmission, while the second scheme relies on narrow beamforming and shares DMRS with PDSCH in data region
Companies are encouraged to take into account the different alternatives proposed for the discussion on two-steps DCI transmission, as well as the performance metrics for the comparison of the alternatives.

Appendix – questions and individual company responses
Question 1: will at least some services, features or UE categories require only supporting a single-step DCI? If so, please provide the use cases and related constraints. 

	Company
	Comment

	Qualcomm 
	Yes. We consider 2-step DCI as an improvement to single step 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 step DCI may be good enough. 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.

	InterDigital
	Yes. We think that 2-step DCI is useful for mainly for transmissions of short duration (such as for URLLC) for which provision of full control information for every transmission would result in excessive overhead. When transmissions have longer duration 1-step DCI may be sufficient.

	Huawei
	Yes, the control channels for scheduling common control signaling may only support single-step DCI. In addition, single-step DCI can be used as a fallback mode if two-step is not necessarily to be enabled. URLLC may also benefit from using a single DCI for data decoding to minimize efforts for ensuring reliability of the control and fast decoding data, while a 2-step approach for URLLC may also be supported (details in the response to question 3).

	Xinwei
	Yes. In our understanding, multi-step is not only related to the division of DCI content, but also related to division of common search space and UE specific search space. We believe the first step mainly lies in the common search space and the second step lies in the UE specific search space. The configuration, resources and even beamforming related information for the second step is indicated in the first step message. In case data is for multiple UEs or UE could only be reliably reached through the first step, it may only need one step, rather than two or multiple steps. Also for some URLLC transmission, one step could largely reduce the corresponding decoding latency.

	Panasonic
	The default operation is single-step DCI from CRC overhead reduction perspective in the context that single-step or multiple steps are categorized within only UE specific DCI. To use two steps control channels can be considered/evaluated but the overall cost of the overhead should take into account. As similar to sTTI discussion variant 2, the combination of "non-UE specific information" and "UE specific information" should be allowed to be discussed. The relation of "non-UE specific information" and "PCFICH like signalling" should be also to be allowed to be discussed.
Although "PCFICH like signalling" is group shared signal, it may carry some information related to the demodulation related information as the first step. Therefore, we don't understand the benefit to discuss to separate one step or two steps separated from "PCFICH like signalling" discussion.
Note that we don't assume "PCFICH like signalling" is LTE PCFICH like signalling of 3 state transmission without CRC. Around 10 to potentially 20 bits order with CRC is assumed. "PCFICH like signalling" can be sent to the group of UEs called as subcell as described in R1-1612228. Subcells can be used as 1) spatial cell split, 2) beam split, 3) frequency/numerology resource split and 4) coverage split.

	MediaTek
	Yes, at least for the common control message scheduling, e.g. system information, paging etc., single step DCI is sufficient. For unicast data scheduling, 2-step DCI could be used to reduce the control overhead by applying multi-slot scheduling for 1-step DCI, simplify UE blind detection complexity by reduce potential DCI sizes and provide better forward compatibility.

	Convida
	Single-step DCI may be applicable for common control signaling. Also for URLLC case, single step may save data decoding time is control overhead is not an issue.

	Fujitsu
	Yes. In some cases, a single-step DCI is enough, such as large packet transmission for eMBB. 2-step DCI is useful for some scenarios, such as URLLC transmission. 

	Intel
	Yes. We consider two-stage DCI applicable to certain scenarios explained in Question 2 and see the traditional single-stage DCI design similar to LTE as the default in all other cases. 

	LGE
	Yes. Single-level DCI is beneficial in terms of spectral efficiency as CRC overhead for control channel can be limited to only once per data transmission. Also, it could be beneficial in terms of reliability as data can be decoded once single DCI is detected and the single DCI is typically protected stronger than data. We see that single level DCI should be supported regardless of the adoption of two or multi level DCI.  



Question 2: please provide use cases and benefits for supporting a two (or multiple) steps control channel design. Companies are also encouraged to identify trade-offs (pros and cons).

	Company
	Comment

	Qualcomm 
	Use case to support quick gNB DL scheduling turn-around: 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.
Use case to support control information transmission offloading: 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 part control channel to indicate to the UE the demodulation related parameters, such as RA, rank and modulation. The second part 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 multi-part 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.

	InterDigital
	One use case is for mini-slot scheduling. In this case possible resources and parameters such as MCS for the mini-slots can be indicated in the DCI at the beginning of a slot. Remaining control information (e.g. HARQ-related) can be decoded in the mini-slot. This allows for significant reduction of overhead and minimization of the size of the resource for the mini-slot (e.g. URLLC transmission), which is beneficial from the perspective of minimizing impact to other traffic (e.g. eMBB) in case of dynamic sharing by puncturing.

	Huawei
	As analyzed in R1-1611207, two-step control channel can have the following benefits, support of 
1. beam-based transmission with  DMRS design for both first-step and second-step control, furthermore, the second-step control can share the same DMRS with the associated data as well as higher MCS with link adaptation of data.
2. Fast decoding, Time-critical control information is contained in the first-step DCI which is transmitted in the first OFDM symbol of a slot, then the rest of control information is decoded while decoding data; First step control region can be minimized at least in time domain, enabling the decoding of data as early as possible.
3. On-demand control resource reservation and flexible capacity: Flexibly configured resources and extended resources for the second-step control channel, while minimizing reserved resources for the first-step control for better support of forward compatibility 
4. Low UE power consumption and reduction of the number of blind detections: Narrow bandwidth for first-step control channel can be applied to reduce the energy consumption,  in addition, only one/two DCI payloads are blindly detected for the first-step control channel. For the control channels transmitted with a second-step method, the first-step DCI can have a field of a few bits indicating how the payload is in the second-step DCI, removing the need for blind detection for the second-step DCI while the payload of the second-step DCI can be more flexible than the payload size of the first-step DCI.
5. Resource allocation adjustment for eMBB UEs in case of dynamic resource sharing between eMBB and URLLC: The first-step control channel consists of the original scheduling information; the second-step control channel consists of the potential resource adjustment for the eMBB UEs in case part of the allocated resources is reallocated to URLLC UE(s). 


	Xinwei
	In the above, companies have already provided most possible cases. There are some other cases. In beamformed system, especially for high band, the beam maintained between gNB and UE may not be always reliable. There should be some default wide beam for the gNB to get connected with UE at any time. Typically, this wide beam would have similar beamwidth as SS block. If multi-step control channel is supported, then the beamforming control would become easier. The first step always uses the default wide beam, which is more robust than finer beams. Due to the fact that the first step may only contain essential information for the second step decoding, the wider beam may maintain same level of SNR per bit as the second step which uses much finer beam. With multi-step control channel design, when UE detects in the first step that there is second step indication but could not decode the second step message, then it could report such information to the gNB (possibly through PUCCH indicated in the first step control).

	Panasonic
	We don't assume speculative assignment of DCI as the error handling  and consistency check would be complicated. Speculative assignment of DCI means to assign the DCI before deciding on the content of the transmission.
Possible benefit of two steps control channel design is the similarity gain of HS-SCCH design, i.e. non-urgent information can be sent later. On the other hand, the similar problem as HS-SCCH is base station transmission power is difficult to be fully utilized as power allocation cannot be optimized very quickly. In this case, power difference between channels and so on is expected. 
Possible benefit of two steps control channel with the combination between UE specific and non-UE specific DCI is to reduce DCI overhead using common information among assigned UEs, especially mini-slot assignment.

	MediaTek
	2-step DCI has the following benefits.
· Simplify DCI blind detection complexity due to reduced number of DCI sizes
· Better forward compatibility to accommodate new layer-1 signaling due to the introduction of new feature(s) without impacting DCI blind detection complexity if only resource allocation information & other rarely changed scheduling information are included in 1st step DCI
· Reduced DL control overhead if multi-slot scheduling is applied to 1st step DCI
· Allow 2nd step DCI to carry subband scheduling information without impacting DCI blind detection complexity for better data channel performance
However, it may result in small increase of total DCI bits. In addition, without proper design, DCI blocking rate may increase.

	Convida
	The benefits of the two-step DCI are as follows:
· Reduce the blind decoding complexity. The first step DCI may have a small size and a unified format. It may also carry the information to indicate the format and the location of the second step DCI or to reduce the search space of the second step DCI to a smaller subspace.
· The first step DCI could be transmitted at the beginning of the control region (e.g., the first symbol) to enable fast decoding. It may also carry the indicator of transmission mode to support dynamic TM switching.
· The payload of the second step DCI is more flexible and could be dynamically configured by the first step DCI.

	Fujitsu
	Alt1. Urgent control information is contained in the first-step control information which is transmitted in the first OFDM symbol of a slot, then the rest of control information is transmitted in the later control OFDM symbol of a slot. 

Alt2. Multiplexing eMBB and URLLC: The first-step control information includes the original scheduling information for UE; the second-step control information includes the possible resource adjustment for this UE in some cases: 1) part of the previously allocated resources is reallocated to other UE(s), 2) part of the previously allocated resource for this UE is reallocated to other services of this UE, and the reallocation includes the transmission direction change, i.e., DL to UL or vise verse.. 

	Intel
	2-step control can be beneficial to reduce the number of blind detection of the control channel and reducing UE power consumption. Separate resource allocation and MCS indication in two steps can also be a benefit assuming measurement and measurement reporting can be conducted in between.
Comparing single-step and multi-step control information, the overhead of two-step control can be higher. Ways to reduce the overhead can be investigated. 

	LGE
	In case a UE needs to monitor multiple DCI sizes (e.g., dynamic TM change), two-level DCI could be useful as size-varying contents can be carried in second DCI indicated by first DCI. Also, when slot and mini-slot scheduling are mixed, for efficient dynamic FDM, two-level DCI design may be considered. However, the benefits should be evaluated compared to other techniques (e.g., minimizing DCI formats, or mini-slot puncture data). Also, when two-level DCI is considered, they may still share the same control region. 



Question 3: please provide possible functional splits between the multiple steps, i.e. what part(s) of the DCI is signaled in each control step.

	Company
	Comment

	Qualcomm
	Details FFS. 
The first-step can contain demodulation related parameters, such as RA, antenna port usage (rank) and modulation order. Earlier delivery of these information allows the UE to start demodulation early.
The second-step control channel can contain the rest of the parameters, mainly related to the HARQ transmission, such as HARQ process ID, RVID, NDI, coding rate, etc.

	InterDigital
	First DCI may contain frequency allocation, MCS and antenna information. Second DCI may contain HARQ information and possible MCS adjustment.

	Huawei
	Different use cases may benefit from a different split of DCI bits between the first and second steps.
Alternative 1: The first-step DCI can contain time-critical control information, such as resource allocation, DMRS related information, potential payload size of the second-step DCI, etc, these information can allow the fast decoding of the data or reduction of blind detection. The second-step DCI can contain the rest of information, e.g. HARQ related information, UL feedback triggering indication, etc.
Alternative 2: The first part consists of the control information that relates to data reception/decoding directly, e.g. resource allocation, HARQ process ID, NDI, MCS, etc. The second part consists of the control information that does not related to data reception/decoding directly, e.g. HARQ feedback information, UL feedback triggering indication, etc. 
Alternative 3: The first-step control channel consists of the original scheduling information; the second-step control channel consists of the potential resource adjustment for this UE in case part of the allocated resources is reallocated to other UE(s). 
The details need further study.

	Xinwei
	In our understanding, there should be four kinds of information indicated in the first stage message:
1. Slot type related information: which type of the slot, detailed configuration, etc; 
2. Second stage control related information: how to decode the second stage control;
3. Data related information: due to the fact that UE may need to directly decode data after reception of first stage control, there should be some basic demodulation information; Overhead may be reduced through preconfigured demodulation parameter sets and dynamic triggering;
4. UL control related information: PUCCH report of events like missed decoding of the second step control may potentially help beam maintenance. 
Detailed content of each kind should be FFS.

	Panasonic
	Part of control may be sent in "PCFICH like signal". We see the need to discuss "PCFICH like signal" and one/two steps control channel together.

	MediaTek
	1st step DCI can consist of at least resource allocation information. 
1st step DCI can be unicast or multicast because multicast DCI can exploit more channel coding gain and reduces DL control overhead.
2nd step DCI can consist of data transmission/HARQ related scheduling information and assistance information for advanced receiver.

	Convida
	The first step DCI may contain at least the following information:
· Information related to the format/payload of the second step DCI;
· Information related to the location of the second step DCI;
· Transmission mode indicator
· A small size of the first step DCI is preferred to reduce the blind decoding complexity. So only necessary DL control information should be carried in the first step DCI
The second step DCI may contain all other information related to data transmission. 


	Fujitsu
	Alt 1: First DCI may contain urgent control information, such as resource allocation. etc. Second DCI may contain HARQ information, MCS, Transmission power.

Alt 2: First DCI may contain the same kind of scheduling information as in Alt 1; the second DCI may contain the indication on the possible resource adjustment for this UE, e.g., reallocating part of the previously allocated resources to other UE(s) or to other services of the same UE. Here, the reallocation includes the transmission direction change, i.e., DL to UL or vice verse. 

	Intel
	The first step can contain information on resource scheduling, subframe structure, and MIMO-related information.
The second step can contain the rest of the control information including MCS and HARQ-related information. 
Details need further study.

	LGE
	Depending on use case. As an example, first level DCI may indicate the resource location of control region for second level DCI used for mini-slot scheduling similar to LR discussion.
Details are FFS.



Question 4: please provide possible mechanisms for indicating resources and information necessary for decoding the second (and possible subsequent) steps, and resources where the second (and possible subsequent) control channels may be located.

	Company
	Comment

	Qualcomm
	The first part of the control is always in the first control symbol to support better processing timeline.
For the second/later part of control channel, we consider both the second part is in a later control OFDM symbol (including the case with a split control OFDM symbol), or in the PDSCH region.
For the first case, the location of the second part control depends on what kind of control subband is being used. For UE/PDCCH specific control subband, if the DMRS is front-loaded, it may make sense the second part control is located in the same PRB in the first part control, to share the DMRS. For common controls subband, there can be more flexibility for the locations of the second part control, and some search space based approach can be used.
For the second case, the RA in the first part control will indicate where PDSCH is located, and some default rules will be needed to identify the REs carry the second part control.

	InterDigital
	First DCI indicates set of possible resources for the mini-slots within the same slot or in subsequent slots. The UE monitors for second DCI in each candidate mini-slot resource at a pre-determined location within the resource. Another possibility could be that a mini-slot resource consists of either only control information or only data. In that case a mini-slot containing only control information can indicate information on e.g. data in a subsequent mini-slot.

	Huawei
	The first-step part of the control is located in the first (or first two) control symbol(s) to support better processing timeline. The control region can be configured/reserved as small as possible.
The second-step part of the control is transmitted in the data region. The resource is design on-demand and no capacity limitation.

	Xinwei
	The first part should be in the first a few symbols, which can be configured through information in the SS block. If it is only restricted in the first symbol, then analog beamforming may limit the possible simultaneously scheduled UEs. Configurable size of first control region may help the system to strike balance between data and control.
For the second part, we also believe it should be within the data region. The exact resources and beam related information (e.g., which beam UE may use to receive) should be indicated in the first step. In order to reduce overhead, UE could be preconfigured with several sets of demodulation parameters and then dynamically controlled by the first step. 
The exact way of indication should be FFS.

	MediaTek
	UE performs blind detection for 1st-step DCI and the location of 2nd-step DCI can be determined by explicit signaling in 1st-step DCI or implicit derivation from the location of 1st-step DCI. It can be further studied whether 2nd-step DCI is in control channel or in the data channel. We observe that there are impacts on the assistance information for advanced receiver application on data channel if 2nd-step DCI is in the data channel.

	Convida
	The first step DCI should be transmitted at the beginning of the control region (e.g., the first symbol) for fast decoding. 
The second step DCI could be transmitted in the control region or the data region. Its location could be indicated by the first step DCI or could be limited to a much smaller search space, which is determine by information in the first step DCI. The search space for the second step should be designed to reduce blocking probability. Details FSS 

	Fujitsu
	The first part of the control is always in the first control symbol to reduce processing time. The second-step part of the control is transmitted in a later control OFDM symbol.

	Intel
	The resources for the second step can be explicitly signaled in the first step or can be implicitly derived based on resources used for transmitting the first step.  

	LGE
	Depending on use case. In case two-step is used for efficient multiplexing between slot and mini-slot scheduling, we consider that first level DCI can indicate resources where 2nd level DCI can be searched. 



Question 5: please provide views on transmission schemes and reference signals for the multiple control channel steps, including considerations on robustness (e.g. link adaptation, error protection and error detection).

	Company
	Comment

	Qualcomm
	In general, for transmission schemes for PDCCH region, we can consider transmission diversity schemes, especially for the control channels in the common control subband. Details FFS.
For reference signal, if the second part of the control channel is in PDCCH region, the control DMRS will be used. The control DMRS can be wideband or per PRB/PRG group, depending on the control subband configuration. On the other hand, if the second part control is in PDSCH region, it will share the PDSCH DMRS.

	InterDigital
	The first DCI could use reference signal specific to the control channel. Control information in the mini-slot could share reference signal with data.

	Huawei
	Beamforming should be supported for the first-step control channel and for the second-step control channel. Transmit diversity should also be supported at least for the control channels which are used for scheduling of common control signaling.
UE/PDCCH-specific DMRS is tied to the control channel candidate monitored, and it is self-contained transmitted within the time and frequency resource unit for the corresponding control channel regardless of the control region located in the first 1 or 2 OFDM symbols of a slot. The second-step control channels transmitted in the data region can share the DMRS with the data channel. 

	Xinwei
	Transmit schemes for the two steps might be different. For the first step control, as we pointed above, it should use the default wide beam that is the same as SS block (the correspondence of beam between gNB and UE is gained through initial access). Transmit diversity could also be used, including beam cycling. 
For the second part, advanced transmission should be used. Higher MCS and finer beams could be used to increase data rate. DM-RS based diversity scheme might be the main scheme used.
There are control subband defined in the first step. For each subband, RS may be shared between multiple UEs. From UE perspective, RS for the first step control may occupy wider bandwidth than the actual control message.

	MediaTek
	It’s preferred to apply diversity transmission for 1st-step DCI for robustness and apply beamforming transmission for 2nd-step DCI for reduced overhead. In addition, higher modulation order can be considered for 2nd-step DCI. 
Which RS type to be applied for 2-step DCI can be further studied.

	Convida
	Transmit diversity and high aggregation level could be applied to the first step DCI for higher reliability. Other transmission schemes, such as beamforming could be applied to the second step DCI. Details FFS.
Details for RS FFS.

	Fujitsu
	The first control channel may use reference signal specific to the control channel. The second-step control channel may share the DMRS with the data channel.

	Intel
	DMRS for control channel can be used for the first step control. For the second step control, if it locates in PDCCH region, control channel DMRS can again be used. If it locates in PDSCH region, either control channel DMRS or data channel DMRS can be used depending on the function of the second step control and the multiplexing mode between the second step control and traffic data.

	LGE
	Single-port beamforming and transmit diversity can be considered. Multi-layer transmission and MU-MIMO can also be considered for NR DL control channel.
DM-RS may or may not be shared for first and second level DCI or may share for second level DCI and data. Details should be FFS. 



Question 6: please provide views on necessary methodology to assess the need and identify design criteria for the study of two (or multiple) steps control channels.

	Company
	Comment

	Qualcomm
	Need to consider: gNB/UE side processing timeline; Control overhead and control capacity.

	CATT
	We presume the question means these aspects would be compared against a baseline single step control channel. Then the comparison criteria should include control overhead, scheduling latency, scheduling restriction, blocking probability, overall complexity considering simultaneous usage of single-step and two (or multiple) steps.

	InterDigital
	Control overhead and capacity, reliability, latency, complexity (e.g. blind decoding) should be considered.

	Huawei
	Latency reduction for data decoding, control capacity, reduction of blind detection, flexible resource usage for control channel

	Xinwei
	Design criteria:
Overhead, Reliability of control channel, Latency, and Complexity.

	Convida
	The following design criteria should be considered: control channel overhead, latency, blind decoding complexity, block probability.

	Fujitsu
	Need to consider blind decoding complexity, reliability, control overhead and scheduling latency/restriction. 

	Intel
	Fulfil the use cases for 2-step control, control channel detection complexity, control channel capacity and reliability.

	LGE
	We need to consider robustness, spectral efficiency, flexibility, decoding time, complexity (# of BD trials), power consumption, etc. We may not want the assessment to be limited to two or multi level DCI because there may be other approaches to achieve the same goal. 



Question 7: please provide views on the possible need for multicast/broadcast signaling to support UE reception of two (or multiple) steps control channels.

	Company
	Comment

	Qualcomm
	Since processing timeline is critical in NR design, the dependency to other multicast/broadcast signaling for two-step control channel reception should be minimized.

	InterDigital
	First DCI might be used by multiple UE’s. Need for other multicast/broadcast signaling is unclear at this point.

	Huawei
	There could be benefits not to define a “PCFICH-like” multicast/broadcast signaling in NR, but we can keep this question in mind because this may depend on how control subbands will be defined and configured, if so, the “PCFICH-like” control channels could be used to signal subband-specific configuration. 

	Xinwei
	We also don’t see the needs of PCFICH-like channel for the decoding of PDCCH. But it should be possible to design configurable size of first step control region. This information could be broadcast in SS block.

	MediaTek
	At least for slot type indication, some kind of multicast/broadcast signaling is needed. There could be several ways to support such signaling, e.g. PCFICH-like, multi-cast/broadcast DCI, unicast DCI, and further evaluation is needed. For control region size, we prefer to have fixed number of OFDM symbols in time domain and NR provides frequency-domain scalability only. The frequency-domain scalability can be signaled to a UE by either RRC-layer signaling or L1 signaling together with slot type indication.

	Convida
	The first step DCI could be transmitted in a group-based approach to reduce the overhead. 

	Fujitsu
	First control information might be used by multiple UE’s. Need for other multicast/broadcast signaling is FFS.

	Intel
	It can depend on the use cases of the two-step control mechanism and the multiplexing mode between the single-step control and the two-step control. Details are for further study.

	LGE
	Indication of control region size in time would be necessary regarldless of single or multile-level DCIs is used. Details are FFS.




Other
Any additional comment or views on downlink control signaling with two (or multiple) steps?

	Company
	Comment

	Panasonic
	We see the need to reduce false detection even in one step transmission. We propose to use 20 or 24 bits CRC.

	
	



