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Introduction
In this document a summary of the e-mail discussion on L1/L2 downlink control signaling is provided.
Control subband
Can one control channel span more than one subband? 
Most companies seem to prefer a control channel to span at most one control subband as this would simplify the overall design. Achieving sufficient frequency diversity for a control channel was mentioned by some as one possible reason to expand into multiple control regions, hence achieving sufficient frequency diversity should be addressed in the control region design. 
Proposal:
· One L1/L2 control channel carrying DCI spans at most one control subband.
· Note: Consider means to ensure sufficient frequency diversity, e.g. sufficiently wide control subband, distributed RBs for one control channel candidate in the control subband, etc.
Approximately what is the size of a control subband in the frequency domain? 
Most companies said it is FFS and depends on the detailed design. Multiple companies mentioned the numbers 5 – 10 MHz or ~25 RBs. One company also mentioned the need to consider mMTC and the number 1.4 MHz.
Proposal: 
· Difficult to agree on a number, the numbers above can be used as rough examples.
How does the UE know where to find its control subband(s)?
Almost all companies mentioned the need to find at least the control subband containing the common search space from the initial synchronization procedure (e.g. signaled in MIB), as well as the possibility to RRC-configure control subbands containing the UE-specific search space.
Proposal:
· The control subband containing at least the common search space is obtained from system information.
· Additional control subbands containing UE-specific search spaces, can be configured using dedicated RRC signaling.
Control channel structure
The questions asked were somewhat vague which is reflected in the answers and views expressed. It seems clear that the numerology for the common search space needs to be provided in a similar way as the control subband, e.g. from system information. Multiple companies suggested that the numerology for the control subbands where the UE-specific search space is located can be configured using RRC although some companies did not see the use case for this. On the mapping of control channels to physical resources it is unclear whether there is a need to multiplex multiple control channels in the same RB or not.
Proposal:
· The numerology for the common search space is obtained from system information.
· The numerology for the UE-specific search spaces can be configured using RRC. Continue discussions on what flexibility is needed for this signaling (e.g. whether the numerology is tied to the numerology used for data in a certain part of the carrier)
Reference signals
Multiple, rather generic views were expressed which is not surprising as the terms “UE/PDCH-specific” and “shared/common” are not well defined. Based on the discussions, the following proposals are made:
Proposal: 
· The reference signals in the common search space do not depend on the RNTI or UE-identity.
· For one UE, the channel estimate obtained for one RB should be reusable across multiple blind decodings involving that RB (i.e. the RS cannot be tied to the control channel candidate)
· In the UE-specific search space, reference signals can be configured (or possibly linked to the RNTI).
Blind decoding
In general, companies are interested in simplifying the set of DCI formats/structure as well as limiting the number of blind decodes. One possibility mentioned is to define a relatively small number of fixed DCI payload sizes. However, the control channel design need to progress further before the details can be settled.
Proposal:
· Continue the discussion. 
Control channel duration
Arguments for both “one PDDCH limited to one OFDM symbol” and “one PDCCH spans all OFDM symbol in the control region” were presented with a slight majority for multiple OFDM symbols. Similarly, arguments for both semi-static and dynamic duration of the control region were provided, with a slight majority being in favor of a semi-static duration. Concerns about the complexity of simultaneously having both were also given.
Proposal:
· Continue the discussion. 
Broadcast control channels
The need for a “common/broadcasted” control channel to be received for each slot (or subframe) prior to decoding the control signaling were discussed with a range of views. Some companies saw benefits with a per-subframe/per-slot broadcast channel but with different views on the content while a number of companies did not see the need. Many companies pointed out that, in a beamformed system, such a channel needs to beamformed such that it reaches all the intended UEs which can be challenging.
Proposal:
· A per-subframe/per-slot broadcast channel should be clearly motivated before being introduced.
Other
Many companies expressed a desire to make the NR control channel design at least as good as LTE and preferably better in general (power consumption, spectral efficiency, implementation simplicity, etc). Some of the more specific aspects mentioned were: the possibility for higher-order modulation for L1/L2 control, the possibility for UE-specific beamforming, a unified design across the frequency range supported by NR, and resource sharing between data and control in the first OFDM symbol(s) of a slot.
Proposal:
· Unicast control channels should support UE-specific beamforming
· Unify the L1/L2 control channel design across the frequency range supported by NR


Appendix – questions and individual company responses

1. Control subband
RAN1#86bis agreed to “a UE monitors for downlink control information in one or more control subband”.
· Can one control channel span more than one subband?
· Approximately what is the size of a control subband in the frequency domain?
· How does the UE know where to find its control subband(s)?

	Company
	Comment

	AT&T
	· [bookmark: _GoBack]Can one control channel span more than one subband? –>Depends on what is the definition of control sub band. We are fine to have it more than one sub band for better frequency diversity.
· Approximately what is the size of a control subband in the frequency domain? –> FFS
· How does the UE know where to find its control subband(s)? –>We propose two stage control channel structure, where the control sub bands are indicated in the part 1. 


	Qualcomm
	· Can one control channel span more than one subband? 
For the simplicity of control search space design, we prefer to have the NR-CCEs of a DCI to be restricted within the same control subband. Frequency diversity should be collected within a subband. In other words, we may not want the control subband to be too narrow.
We have the understanding that a control subband is localized in frequency domain, instead of distributed, mainly for power saving purpose. As a result, the UE only needs to open up a narrower RF band for control monitoring when there is no traffic, consider the system bandwidth can be very wide. 
· Approximately what is the size of a control subband in the frequency domain? 
Detail FFS. For the control subband carrying common/shared RS, the bandwidth should not be too narrow to provide enough energy for tracking loops. For other control subband (UE-specific), the bandwidth can be relatively narrower.
· The common control subband, the bandwidth is from MIB. The bandwidth of common control subband may be band and numerology dependent. For UE-specific control subband, the bandwidth can be semi-statically configured.How does the UE know where to find its control subband(s)?
Common control subband can be semi-statically configured, or from MIB/MSIB, or by spec. 
UE-specific control subband is based on RRC configuration. Details FFS.

	Samsung
	· For Q1, whether or not a control channel spans more than one sub-band depends on the sub-band size (in RBs) and the number of RBs (aggregation level) for the DL control channel candidate. If the number of RBs for DL control channel candidate is not larger than the number of RBs of a sub-band, the DL control channel candidate is within the sub-band. To avoid always having a large sub-band that may remain mostly underutilized, it may be considered for candidates with large RB aggregation levels to span more than one sub-band. A resolution can be made in conjunction with decisions for the sub-band size and the maximum RB aggregation level for candidates. The sub-bands can be contiguous in frequency to minimize a monitoring BW.
· For Q2, sub-bands do not need to have same size(similar to PRB sets not necessarily having the same size for EPDCCH). FFS what the minimum/maximum size can be (e.g. there can be different UE capabilities). Can determine minimum sub-band size based on BLER results for indicative DCI format sizes. For example, a direct scaling from the {2 RBs, ~12 symbols} for EPDCCH results to a minimum sub-band size of 24 RBs (for 1 slot symbol – 15 KHz SCS). Need to also conclude on the minimum BW capability for a UE (may be 25 RBs). The sub-band size may also depend on the numerology.
· For Q3and for RRC CONNECTED UEs, RRC configuration at least relative to a reference subframe. FFS is sub-bands can hop across slots. FFS for DL control channels related to initial access or paging.

	OPPO
	· We feel for UE-specific control channel, it could be confined on one subband, while for some common control channel, it could be transmitted on multiple subbands so that all UE could monitor them. For exmaple, if beamforming technique is used, each beam could be allocated a control subband for UE under the coverage of this beam to monitor UE-specific control channel, while for common control channel, it could be transmitted on multiple control subbands under different beams so that all the UE in the cell could monitor them.
· Size of control suband could be FFS
· The subband that UE needs to monitor for its control channel could be signaled by system information or higher layer signaling. For example UE could monitor a common region first to get the SIB information, which could point to more specific control subbands.

	Sony
	· Can one control channel span more than one subband?
Depends of definition of sub-band. From the perspective of frequency diversity, it would be beneficial if the control channel can span more than one sub-band.
From the perspective of battery consumption, it may make sense for the UE to monitor only one subband, or portion of one subband, when less active (e.g. RRC Connected Inactive or Idle states).
· Approximately what is the size of a control subband in the frequency domain?
FFS. From the perspective of compatibility with MTC devices, it may be useful to at least define a control subband size of 1.4MHz.
· How does the UE know where to find its control subband(s)?
There is a default control subband used for common signaling. The UE can then be assigned a UE-specific control subband. E.g. RRC connection process can be performed on a default control subband and during the RRC connection process, the UE is assigned a UE-specific control subband.


	Vivo
	· Can one control channel span more than one subband? 
In LTE, “the physical downlink control channel carries scheduling assignments and other control information.” In NR, the definition of downlink control channel needs to be clarified first.
For common control channel which carrying PCFICH-like message (explicit message needs to be discussed later), both distributed and localized resource mapping can be considered. Depending on system bandwidth and the size of subband, multiple subbandcould be considered in term of common control channel performance and interference coordination with neighbor cells, etc.
For UE-specific control channelwhich carrying PDCCH-like message (explicit NR-PDCCH design needs to be discussed later), small bandwidth or within one subband is preferred.
· Approximately what is the size of a control subband in the frequency domain? 
FFS. It is related to subcarrier spacing (SCS) and/or system bandwidth and/or band location, etc.
· The common control subband, the bandwidth is from MIB. The bandwidth of common control subband may be band and numerology dependent. For UE-specific control subband, the bandwidth can be semi-statically configured.How does the UE know where to find its control subband(s)?
The common control need to be clarified first. 
If common control channel includes cell-specific/TRP-specific information, e.g., first-level SIB, or UL/DL asymmetry and etc., semi-statically configured is preferred. Both MIB and/or NR-PSS/NR-SSS implicit/explicit method could be considered.
If common control channel includes any UE-specific/group-specific information, then FFS.

	NTT DOCOMO
	Can one control channel span more than one subband?
No. We consider a control subband can contain various numbers of PRB(s), and the PRB(s) within a control subband can be contiguous or dis-contiguous. Therefore, there is no need to spread one control channel over multiple control subbands.
Approximately what is the size of a control subband in the frequency-domain?
It needs more investigation to identify feasible size(s) of one control subband. The possible smallest size would be around the size of the minimum RF bandwidth (e.g., SS/PBCH bandwidth), while the largest size would be around the size of the maximum RF bandwidth per carrier.
The size of control subband should be integer multiples of NR-CCEs in frequency domain.
How does the UE know where to find its control subband(s)?
There are at least two types of control subbands. One is a control subband common for UEs, in which broadcast type of DL control channel is transmitted, and the other is a control subband dedicated for UEs, in which unicast type of DL control channel is transmitted. The common control subband on one carrier should be known by UE without any UE-specific configurations. The dedicated control subband(s) can be configured for a UE by higher-layer signaling.
Note that when a UE has more than one control subbands, the UE shall monitor DL control channel candidates in the configured subbands.

	Panasonic
	· It depends on the definition of subband.If subband is consecutive resources, morethan one suband should be allowed for diversity as AT&T was indicated.  If subbnad is virtual resources, it can be one.In the end, as far as both distributed and localized are supported, it is ok.
· The size of a control subbandis FFS but it would be configured by gNB.For group CSS, some control subbandscan beconfigured by essential SIB. Based on UE random access procedure and rule, subcell (proposed in R1-1612228) is unit of the group search space.
For USS, the control subbandis configured by UE specific RRC and/or determined during the random access procedure.

	Ericsson
	· Can one control channel span more than one subband?
Control spans one subband (which in principle can be non-contiguous in frequency although the need for it depends on the subband size). Having one control channel spanning multiple control subbands complicates the overall design without bringing sufficient benetfits.
· Approximately what is the size of a control subband in the frequency domain?
The size needs to match the smallest UE bandwidth (maybe with exception for mMTC devices) but still be sufficiently large to to allow for at least the largest possible PDCCH. Something around 5 MHz for lower carrier frequencies and 20 MHz for higher carrier frequencies could be a starting point (althgouth eh BW needs to be expressed interms of RBs)
· How does the UE know where to find its control subband(s)?
At least one control subband needs to be known from the initial access mechanism, additional control subbands can be configured.


	MediaTek
	· Can one control channel span more than one subband?
It depends on how “control subband” is defined and it should be decided after the definition of “control subband” becomes clear, e.g. whether one “control subband” consists of contiguous or distributed PRBs. From our views, contiguous PRBs for one “control subband” are preferred. In this case, control channel should be allowed to span more than one subband for frequency diversity.
· Approximately what is the size of a control subband in the frequency domain?
There is trade-off between “control subband” size and corresponding signaling overhead. Smaller “control subband” size would require larger signaling overhead to notify a UE its location.  From our views, the size of a “control subband” could be similar to the granularity of LTE EPDCCH, i.e. one LTE PRB pair, which consists of 168 REs. In this case, NR-PDCCH could achieve similar resource utilization and signaling efficiency as LTE EPDCCH.
· How does the UE know where to find its control subband(s)?
A UE is signaled by system information for a set of control subbands for initial access, broadcast messages or idle mode operation and it could be configured by RRC-layer signaling for another set of control subbands for dedicated data scheduling after the UE is connected to the network.

	ZTE
	· Q1:Subband is introduced for better forward compatibility, lower UE detection complexity and some kind of frequency diversity. Control subbands in network should be relatively statically configured. However, the notification to UE should be UE-specific.  Considering subband already provides sufficient resource for downlink control, it is not much needed to interlace a UE’s control channel in different control subband.
Even for distributed control channel, which means the control have to be mapped to multiple non-contiguous PRBs, it should not be across the subbands. Put it into more than 1 subband will complicate the mapping scheme and limit forward compatibility. 
· Q2: The subband for control channel can be defined in numbers of PRBs. But this may depends on numerology.  Thus, we can define 5MHz, 10MHz or 20 MHz as possible subband. 
· Q3: Firstly, we should differentiate suband in initial access and subband after initial access. The suband should have implicit relationship with the PSS/SSS’s frequency range. Or, it can be informed by some signal similar as PBCH. Other subbands after intial access can be further indicated and can be more flexible resources.


	Nokia, ASB
	Control channel is located within a subband. Non-contiguous control subband needs supported in order to allow efficient resource blanking

Size of control subband is a configuration parameter. The minimum size of a control subband could be approximately 25 PRBs. 
Control subband for an UE is configured via higher layer signaling. Subband common to all UEs can be derived from system information.

	NEC
	FFS the size of control subband, but, it may be preferable that subband size to be 6RBs in order to be aligned with the narrowband concept applied for eMTC in LTE.
One control channel can span one or more subbands where the subbands are either contiguous or distributed in frequency domain.
The subbands for common control channels has to be pre-configured e.g. MIB. FFS on configuration procedure.
The subbands for UE-specific control channels has to be configured to the UE in semi-static manner via RRC signaling.


	CATT
	Q1: Can one control channel span more than one subband?
It depends on the subband structure. Assuming that a subband can have contiguous/non-contiguous RBs in the frequency domain, then one control channel should not span more than one subband.
Q2: Approximately what is the size of a control subband in the frequency domain?
The RBs for a control sub-band should be UE-specifically configured. There may also be a control subband supporting broadcast/common control that should be pre-configured or determined at initial access.
Q3: How does the UE know where to find its control subband(s)?
For common control and a minimum set of DL control channel resources, some mechanism would have to be provided during initial access. For UE-specific, it should be configured by RRC signaling. 

	LG
	· Can one control channel span more than one subband?
Our preference is not to allow a control channel span more than one subband. As we consider control subband configuration can be flexible including contiguous and non-contiguous PRB configurations, we do not see a need of complication to allow this case. 
· Approximately what is the size of a control subband in the frequency domain?
In case one or a few OFDM symbols are used for control region, a control subband can be approximately at least minimum system bandwidth (e.g., 5 MHz). When control region spans over the entire slot, narrow control subband can be supported. 
· How does the UE know where to find its control subband(s)?
For CSS subband(s) related to initial access, at least configuration should be given by PBCH or specification. For USS, RRC configuration is necessary.  Additional CSS after initial access needs to be configured within a UE-specific bandwidth which are also configurable by RRC and/or SIB.

	Huawei
	· Can one control channel span more than one subband?
A control subband can be mapped with continuous or separated PRBs in frequency domain. Both localized and distributed mapping should be supported for one control channel, but one control channel is located within one control subband to simplify the control channel design on search space, monitoring behaviour, etc in the frequency domain. 

· Approximately what is the size of a control subband in the frequency domain?
For the control region which is located in the first 1/2 OFDM symbols of a slot, the size of a control subband should be no larger than 5MHz or 20MHz in frequency domain as the maximum bandwidth containing NR-PSS/SSS/PBCH for initial access. The impact of UE minimum bandwidth capability and maximum CCE level should be taken into account.

If some part of the control channel is transmitted in the data region (e.g. the second part of a DCI), then that part of the control channel does not need to rely on the definition of control subband. In this case, the transmission bandwidth of the second part of the control will not be larger than the bandwidth over which the associated data is transmitted.

·  How does the UE know where to find its control subband(s)?
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]The control subband(s) are relevant to search space design. At least UE-specific search space and common search space need to be supported in NR. Common search space can be defined either with a predefined manner (with respect to PSS/SSS) or semi-statically configured by broadcast signalling. UE-specific search space can be configured either dynamically or semi-statically; for example, the EPDCCH search space design in LTE can be a starting point.


	InterDigital
	· Can one control channel span more than one subband?
A control channel spans at most one subband.
· Approximately what is the size of a control subband in the frequency domain?
The size should be configurable. A typical size could correspond to 25 PRB’s.
· How does the UE know where to find its control subband(s)?
The UE obtains a default control subband from initial access. The UE can get configured with supplemental subband(s) based on signaling received in the default control subband (e.g. by RRC).

	Intel
	Control subbands can be configured by high layer. Reusing the principle of EPDCCH-PRB-set as the definition of control subband, a search space of NR PDCCH is defined per control subband. Accordingly, one DCI message is transmitted within one control subband. As part of search space design, multiplexing of multiple control channels should take into account the potential support of low latency, localized and distributed transmission. 

	Xinwei
	Can one control channel span more than one subband?
We prefer one control channel is confined within one subband. The reason why control subband is defined is to facilitate search space design and reduce the searching complexity. If multiple subbands are allowed, then it would not be necessary to define such control subband.
Approximately what is the size of a control subband in the frequency domain?
The size of control subband should be FFS. Typically the value could be at the same level as SS block. It should be noted that this value could be UE-specifically configured. 
How does the UE know where to find its control subband(s)?
There might be several possible ways to identify. At initial access, UE gains the information for initial access. At the same time UE should know which search space to use in the following procedure. This information should be contained in MIB or in SIB-like broadcast. This control subband configuration is cell specific and could be mapped to different control subbands for different UEs with predefined rules. After initial access, UE could get connected to the gNB and then be configured with specific control sub-band for UE to construct its search space.

	Fujitsu
	· Can one control channel span more than one subband? 
· A control channel can span one or more than one subbands depending on common control type or UE-specific type, the size of subband, aggregation level. But preferably, at least the number of subbands a UE-specific control channel can span should be kept as small as possible.
· Approximately what is the size of a control subband in the frequency domain? 
· Detail FFS. The size should be configurable
· How does the UE know where to find its control subband(s)?
· At least some sub-bands for common control signaling could indicated via MIB (e.g. to allow flexibility in control signaling for scheduling of SIBs)
· Some sub-bands for common control signaling may be indicated via SIB (e.g. to support RACH)
· UE-specific control sub-bands may be configured semi-statically

	Sharp
	[bookmark: _Hlk466291593]It depends on how subband is defined. If the subband is introduced to support wider system bandwidths (e.g. 100 MHz) with the limited control channel bandwidth which is comparable to the LTE system bandwidth (e.g. 1.4-20 MHz), we do not see the need to map a single control channel across multiple control subbands.
[bookmark: _Hlk466291921]The minimum control subband in the frequency domain can be configured. Considering the constraint for unlicensed bands, the subband size should be configurable to 10MHz and 20MHz.
For a 2 stage control channel structure, a common control subband location is determined by the system information or by Spec. A secondary control subband for a UE can be configured by eNB.

	Motorola Mobility
	Each control channel candidate is located within its corresponding control subband. UE may monitor multiple control channel candidates within each control subband. UE may also monitor candidates in multiple control subbands in the same slot.  Higher layer signalling configures control subbands that a UE is expected to monitor.

	ETRI
	· Q1: The control subband should be contiguous to minimize the UE operating bandwidth. Then the answer to Q1 will depend on Q2. In our view, the size of a control subband should not be too large considering minimum UE power consumption and forward compatibility. If a single control subband cannot satisfy the required link budget, then multiple control subbands can be used to transmit one control channel. Some evaluations need to be followed to make decision on it.
· Q2: Among the two possible options, i.e., 1) having an integer number of PRBs, 2) a submultiple of the system bandwidth, we prefer the first one. Around 16~25 PRBs can be considered in the case of 15kHz subcarrier spacing.
· There should be a “base” control subband for initial access phase and the remaining “extended” control subbands at least from UE perspective. The location of the base control subband can be indicated by MIB either explicitly or implicitly, and that of the extended control subband can be configured by RRC signaling by an explicit way.

	Convida
	· Can one control channel span more than one subband?
It depends on the subband size and  location within the allocated bandwidth. If sufficient frequency diversity is not possible within a subband, we should consider spanning between multiple subbands. 
Approximately what is the size of a control subband in the frequency domain?
FFS: the size of a control subband based on the min/max required control DCIs for different services scenarios.
· How does the UE know where to find its control subband(s)?
During initial access, UE requires the knowledge of at least one common control signaling region. Subsequent to initial access, RRC may configure the location of the UE specific subbands. The location of such a common control signaling may be specified in the spec. There may be multiple common control signaling resources located throughout the bandwidth but at least once location may be predefined in the spec.




Control channel structure
At RAN1#86bis, it was agreed that “A DL control channel can be mapped on one or more NR-CCEs […] A NR-CCE includes an FFS positive integer number of PRBs (FFS: exact value) […] FFS: whether multiple NR-CCEs may share one or more PRBs”. 
· How are control channels mapped to the control subband? 
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB.
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE.
· Some other approach?
· How does the UE know the numerology of the control channels? 

	Company
	Comment

	AT&T
	· How are control channels mapped to the control subband? 
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB.
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE.
· Some other approach?–> We are fine with either of those approaches as long as the part 1 indicates the CCE.
· How does the UE know the numerology of the control channels? –> In our view, the control channel and the data channel should use same numerology. 


	Qualcomm
	· How are control channels mapped to the control subband? 
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB.
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE.
· Some other approach?
Details FFS. In general, to efficiently use control resources, multiple UEs will share the same control subband. If we follow the legacy LTE approach and define multiple PDCCH decoding candidates, PRB will be shared by different UEs. More precisely, a PRB can fall in the search space of more than one UEs. 
· How does the UE know the numerology of the control channels?
For common control subband, the numerology is by MIB. For UE-specific control subband, it can be from MIB, RRC configured. However, we do not see a good use case for the UE/PDCCH specific control subband to use a different numerology from the common control subband.

	Samsung
	· For Q1, “distributed” and “localized” mappings are supported. LTE EPDCCH can serve as initial reference including for search space design and enhancements are FFS. Unclear whether the sub-questions relate to spatial multiplexing of DL control channels. If so, it can be supported for localized transmissions.  
· For Q2, numerology for control channels is same as numerology for data channels, at least in the DL, and is provided to UE at RRC configuration. For common search space related to initial access, e,g. RACH response and paging, the numerology can be indicated in the MIB or be equal to thenumerologyof sync signals. 

	OPPO
	· Similar as in LTE, one PDCCH channel could be divided into a set of control channel elements (NR-CCEs), and a NR-CCE could then be mapped to a time-frequency resource on the control subband. Depending on the scenarios, we feel both cases should be considered, i.e., multiplexing multiple NR-CCEs of different UEs into one PRB, ormaping only NR-CCEs from single UE to a PRB. 
· For common control channel, the numerology could be signalled by MIB or derived from the sync signals. We prefer to have the same numerology between common control and UE-specific control channles unless some good reasons are providedotherwise. 

	Sony
	· How are control channels mapped to the control subband? 
Our basic assumption is that the UE would be provided with a complete subband where it monitors for control signaling. To reduce latency and improve power consumption (allow microsleep), we have a preference for the control channel occupying a limited number of OFDM symbols within each slot/mini-slot (and hence more resource in the frequency domain). Assuming the control subband has a bandwidth that is less than the system bandwidth, we don’t see a need for NR to have two levels of granularity of dividing up the frequency resource (to the control subband level and then to the “set of PRBs” level within the control subband.
Whether a “PDCCH approach” or “ePDCCH approach” is taken, our understanding is that a PRB can contain REG for more than one control channel, so in both cases, a PRB can be shared by more than one CCE.
· How does the UE know the numerology of the control channels? 
Assume control channel numerology would be assigned by UE specific signaling (to cater for URLLC and eMBB devices, which may use different numerologies). There would also be some default control channels using a known common numerology (e.g. for paging, initial access etc).

	Vivo
	· How are control channels mapped to the control subband? 
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB.
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE.
· Some other approach?
We prefer one unified design Details FFS.
For first sub-bullet (“localized resource mapping approach”), it would be easier to apply narrow beam transmission for control channel. For second sub-bullet (“distributed resource mapping approach”), it would be more appropriate to apply wide beam transmission for control channel. 
Considering NR would be applicable for both sub6GHz and higher frequency above 6GHz. For higher frequency above 6GHz, narrow beam transmission for control channel would be attractive from performance perspective. Therefore, we slightly prefer localized approach (first sub-bullet).
· How does the UE know the numerology of the control channels? 
If the numerology of the control channels change from slot-to-slot, then dynamic detection of numerology is necessary. Indicated by first-level control channel or other indication approachis needed.
However, if the numerology of the control channels does not vary from slot-to-slot, i.e. not change so fast, semi-static indication of the numerology is preferred, e.g., RRC signaling or second-level SIB could be considered as candidate.

	NTT DOCOMO
	How are control channels mapped to the control subband?
Each DL control channel is mapped on a set of integer number of PRB(s) within a control subband. The set of integer number of PRB(s) for one DL control channel is not necessarily be the full PRB(s) of the control subband. A UE can be configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling.
Multiple NR-CCEs can share different resource elements in one PRB in TDM manner when the number of OFDM symbols for one DL control region is more than one. Multiple NR-CCEs can share the same resource elements in one PRB in SDM/superposition manner if DL MU-MIMO or NOMA for DL control channel transmission is supported.
How does the UE know the numerology of the control channels?
UE should know at least one numerology for one control subband without UE-specific configuration. This should be able to be derived from,for example, carrier frequency range, numerology of synchronization signal/broadcast channel, etc, so that initial access UEs or idle UEs of a stand-alone operation can acquire the numerology. UE can be configured with another control subband, which may have different numerology with the first control subband.

	Panasonic
	· In order to have sufficient frequency diversity for the reliability, the search space should be able to span multiple frequency resource. On the other hand, if closed loop feedback works well, the localized allocation is useful. Then, both localized and distributed mapping should be supported. For distributed mapping, multiple CCEs can share one PRB (or group of PRBs) in order to increase the power of RSs for modulation. For localized mapping, PRB is used by at most one CCE.
· The numerology of the group common control channels is obtained by essential SIB and the numerology of at least one of UE specific control channel is obtained by RACH procedure. FFS Whether UE specific SS and group common SS has same numerology or not.

	Ericsson
	· How are control channels mapped to the control subband? 
One control channel occupies an integer number of RBs. Some form of structure/hierarchical mapping of search space candidates (unlike the somewhat complicated LTE structure where the PDCCH CCEs are spread out “all over the place”).
· How does the UE know the numerology of the control channels? 
The numerology for common search space needs to be obtained from the PBCH. For UE-specific search spaces it can in principle be configured on a per UE basis.


	MediaTek
	· How are control channels mapped to the control subband?
If a control subband consists of contiguous PRBs, both distributed and localized NR-CCE can be defined. Distributed NR-CCE is mapped to multiple control subbands while localized NR-CCE is mapped within a control subband. The search space for a UE is defined based on the defined NR-CCE and a control channel is mapped to one or multiple CCEs.
· How does the UE know the numerology of the control channels? 
For the set of control subbands for initial access, broadcast messages or idle mode operation, the corresponding numerology is signaled by system information or just follows the one for synchronization signals. For the set of control subbands for dedicated data scheduling, the corresponding numerology can be configured by RRC-layer signaling.

	ZTE
	· Q1
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB. EPDCCH-like means the UE have to limit the number of PRB it maps to. We think this should be supported at least for beam operation which does not need windband for coverage.  Instead it need full DMRS in each PRB to do the demodulation of beam based control. The second sentence in the question may not be applicable since PRB could be defined in 1 symbol duration. Then, multiple CCE sharing 1 PRB will be very restrictive. 
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE. We consider this as PDCCH-like structure. Then CCE can distribute over the subband. Restricting a PRB only for at most 1CCE seems not applicable. Any way, we think the case a UE monitoring all the control subband and PRB is needed, since it provide much robust control channel for all UE and will be curtail for NR system.
· Some other approach?  We suggest deciding the structure of RS together with control mapping to subband. Since the transmit diversity scheme and port number are also relevant to the question.
· Q2
The numerology for certain subband may not be bounded. Numerology with shorter duration can be used to transmit downlink control. For the subband carrying common control in initial access, the numerology can be implicitly connect with PSS/SSS.


	Nokia, ASB
	A UE monitors for downlink control information in a ‘ctrl region’. ‘A ctrl region’ consists of an integer number of PRBs in the frequency domain and one or more OFDM symbol in the time domain. Frequency domain of the ‘ctrl region’ is located within a control subband.
UE needs to know the numerology for downlink control channel.  Numerology is signaled via higher layer signaling,

	NEC
	We think that LTE EPDCCH can be the starting point where multiple CCEs can share one PRB.
The numerology of the control channels has to be pre-configured at least for the common control channels e.g. MIB.


	CATT
	Q1: How are control channels mapped to the control subband?
The mapping of control channel could be centralized (cell-based) or distributed (UE-based). A centralized resource allocation at a given control region could be useful for at least for UL scheduling. A distributed resource allocation would allow flexibility in scheduling DL packets.  

Q2: How does the UE know the numerology of the control channels?
At least for common control it should be tied to a reference numerology such as that used during initial access. A UE should always assume the same numerology of the control channel as that used during initial access unless it is indicated by the network after the configuration of other physical channels.

	LG
	· How are control channels mapped to the control subband? 
Generally, we consider three possible resource mappings can be considered. One is localized mapping in both time and frequency. Another is a localized mapping only in time domain but distributed in frequency domain. The other is a distributed mapping in both time and frequency.  Localized mapping in time domain can be beneficial to possibly minimize DM-RS overhead when UE-specific RS is used, but it may not be effective in case of multi-analog beam operation is used. Whereas distributed mapping would be useful for shared RS and multi-beam analog beam operation cases.
· How does the UE know the numerology of the control channels? 
For CSS related to initial access, it can be predefined per frequency region or indicated by PBCH. For others, it can be configured by RRC. 


	Huawei
	· How are control channels mapped to the control subband? 
As mentioned above, one control channel is only located within one control subband. NR-REG is defined as a basic resource unit for NR-CCE, and one or more NR-CCEs are used to transmit one channel channel. For the definition of NR-REG, the size of NR-REG contains one PRB in frequency domain, but the size of NR-REG contains one or two OFDM symbols in time domain which depends on the concrete RS design for the control channels.

Furthermore, one or more control subbands can be configured to a certain UE, but each control subband should support multiplexing between UEs, the details can be discussed later. A UE can also be configured to monitor multiple control channels carrying the same DCI content on different control subbands to increase the control channel detection reliability.

· How does the UE know the numerology of the control channels? 
At least for a basic control subband, e.g. for common signalling scheduling, the predefined numerology can be used as defined for initial access, e.g. synchronization, PBCH.
The numerologies for other control subbands can be further signalled by physical layer or by higher layer.  


	Interdigital
	· How are control channels mapped to the control subband? 
Multiple NR-CCEs sharing resource elements in one PRB should be supported at least for URLLC applications (i.e., to achieve low blocking probability). Whether NR-CCEs share a part of a PRB, an entire PRB or multiple PRBs need to be studied.
· How does the UE know the numerology of the control channels?
For the control channel used for initial access, the numerology can be indicated in the MIB or correspond to that of synchronization signals. 
For UE-specific control channels, the numerology can be obtained from RACH procedure (upon initial access or for seamless mobility) or RRC signaling.

	Intel
	In frequency domain, one PRB is the resource allocation unit size for NR PDCCH. And the resource unit for a DL control channel is called as NR-REG. A NR-CCE can be allocated in contiguous PRBs. Multiple NR-CCEs may share one or more PRBs. In some scenarios, NR-CCE can be mapped on frequency domain only. And in other scenarios, NR-CCE can be mapped on both frequency and time-domain.

	Xinwei
	UE monitors control signaling within the whole control subband. A PRB is only used by one CCE. But it is possible for the multiple UE’s search space to overlap with each other. 
There are multiple levels of control channels. For common search space, the numerology is broadcast in SS block or in SIB-like broadcast information. The common search space numerology is relatively stable and used as the default numerology for later common search space search. Later on, when UE gained access, it could be configured through the common search space to use specific numerology.

	Fujitsu
	· How are control channels mapped to the control subband? 
· Is a UE configured with a relatively small number of PRBs within the control subband where it should monitor for control signaling (somewhat similar to the EPDCCH in LTE)? In this case multiple CCEs can share one PRB.
· Is a UE provided with a complete control subband where it monitors for control signaling (somewhat similar to PDCCH in LTE)? In this case a PRB is used by at most one CCE.
· Some other approach?
· Either way is ok, and we don’t have strong opinion to this question, and we already have both approaches in LTE system.
· How does the UE know the numerology of the control channels?
· The numerology of control channel signaling is defined per control subband. This may be indicated via MIB or SIB or UE-specific semi-static configuration (depending on how the control subband is configured to the UE).
· Note: numerology of data transmission does not necessarily need to be the same as the scheduling control channel. (e.g. for operation similar to cross-carrier scheduling in LTE)

	Sharp
	At least when the subband size is comparable to LTE system bandwidth, an EPDCCH style mapping is more flexible for resource allocation and CCE/REG multiplexing esp. of UE/PDCCH-specific DMRS is used.
The common control channel numerology should be a default numerology of the serving cell. The secondary control channel numerology can be UE specific and configured by eNB.

	Motorola Mobility
	One control channel can span multiple PRBs within a control subband. The numerology used for control channel monitoring should be inferred by the UE during initial access or via higher layers. It is FFS whether different control subbands can have different numerologies.

	ETRI
	· Q1: Both localized and distributed mapping can be applied for different use cases. In both cases, having a single CCE per PRB in frequency can be a baseline, and the need of the case where multiple CCEs share one PRB in frequency (not in time or space) like the LTE EPDCCH distributed mapping can be further discussed. It may decrease the efficiency of potential FDM between control and data and increase the channel estimation complexity.
· Q2: The numerology of the base control subband can be indicated by MIB. Whether to allow different numerology DL control channels for a UE is FFS. If it is allowed, the numerology of the remaining control subbands can be configured by RRC signaling.

	Convida
	· How are control channels mapped to the control subband? 
If multiple control symbols are used, for example, control channels for URLLC UEs may be given priority to be mapped in the leading symbol. Given that URLLC UEs are likely to have large aggregation levels to meet their reliability requirements, the control channel mapping may be done with the view to avoid blocking probability.
· How does the UE know the numerology of the control channels?
The numerology for at least one common control signaling region may be specified by MIB. The numerology for UE-specific subbands may also be configured through RRC. 



Reference signals
RAN1 has agreed that “NR should support UE/PDCCH-specific DM-RS for PDCCH reception. At least for beamforming, UE may assume same precoding operation for PDCCH and associated DM-RS for PDCCH. […] Shared/Common RS for PDCCH reception”
· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?

	Company
	Comment

	AT&T
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else? –> We don’t have any strong opinion on this and this can be FFS. For example port specific DM RS can be used.
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not? –> Use cases are power boosting of the DM-RS for better channel estimation and in our view, UE doesn’t know the RS is shared between multiple UEs.


	Qualcomm
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
For UE/PDCCH specific control subband, which DMRS to use is a per control subband property and can be RRC configured. For a certain control subband configured for a UE, together with the configuration, the UE will be informed if shared RS is used in the subband or per PRB or per PRB group DMRS is used. The DMRS is not tied with control channel candidate monitored, so the same DMRS based demodulation can be shared across multiple decoding attempts for different control channel candidates across the same set of PRBs. The DMRS sequence to use should not be a function of UE specific RNTI as in legacy LTE PDSCH DMRS.
For common subband, we believe wide band common/shared RS needs to be used.
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
The shared/common RS is for common control subband, which carries broadcast control and unicast control when the beamforming tp the UE is not applied. The shared/common RS is also used as RS for tracking loops and measurements. The UE knows the location of common control subband, and perform wideband channel estimation across the subband. The beamforming of common/shared RS in common control subband is not UE specific and should support wideband channel estimation at UE.
The shared/common RS can also be used for UE/PDCCH-specific control subband, where UE can perform wideband channel estimation.
For shared/common RS, FFS the phase continuity assumption across different slots.


	Samsung
	· For Q1, RRC configuration of the DMRS antenna port is currently somewhat preferredto reduce channel estimation complexity (i.e., unlike EPDCCH, there will be no dependence of DMRS AP on first NR-CCE or on RNTI). The trade-off is a reduction on MU-MIMO opportunities for “localized” NR DL control channels, i.e. reduced UE complexity vs. minor potential reduction in spectral efficiency. FFS for subband-dependent configuration. Predetermined DMRS AP mapping for distributed transmission (“shared” DMRS) similar to distributed EPDCCH. 
· For Q2, shared/common DMRS can be used for distributed transmissions (UE-common control, non-precoded UE-specific control) and for measurements. No need for the UE to know whether other UEs also use the DMRS – only distributed/localized association (and associated transmission scheme) for the DMRS is needed. Basically, the UE-shared RS acts as a BW-localized CRS but transmission in every slot is not mandated.

	OPPO
	· Two alternatives of UE-specifc DMRS could be studied. One is the embedded DMRS within a NR-CCE and the other is DMRS in fixed locations within a PRB. For former alternative, the DMRS is tied to control channal candidate and may not need to be configured. It may not be shared with other UEs.  For second alternative, the DMRS is tied to the PRB and could be linked to the RNTI of a UE if it is used in searching space. Such DMRS could be shared by control channels transmitted in the same PRB. 
· The shared/common RS could be used for some long term measurement and could be used for some common channel demodulation.  It could be shared by a group of UEs. Such shared RS could also be used for channel estimation for transmit diversity. UE may not need to know whether such RS is shared or not.

	Sony
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
We’d assume that the DM-RS are associated with certain REs on a UE-specific basis. We don’t envisage the UE having to apply different channel estimation hypotheses to the same RE. 
If tied to the RNTI, and the UE needs to monitor more than one RNTI, then we understand that the UE would have to apply different channel estimates for different RNTI hypotheses/
If tied to the control channel candidate, the system would not support a control channel candidate with multiple DM-RS. This would seem to disallow some diversity schemes (e.g. random beamforming)
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
Improved channel estimation when beamforming is not applied or there is a limited set of beams. UE does not need to know that the RS are shared by other UEs, but it does need to know that the multiple RS can be applicable to one control channel RE.


	Vivo
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
For UE/PDCCH-specific RS, RRC signaling or informed by common control channel could be candidate.
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
Wide beam transmission by shared/common RS might be useful for carrying common information/signals, e.g., sync signal, and/or MIB and/or first-level SIB and etc.
UE awareness of other multiplexed UE which is sharing the same RS needs to be further studied to show any performance gain. 

	NTT DOCOMO
	How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal?
For the DL control channel(s) in one control subbandthat UE knows without configuration, the DM-RS to use should also be known without configuration. For the DL control channel(s) in one control subband that is configured for the UE by higher-layer, the DM-RS to use should be informed by higher-layer altogether.
What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
Shared/common RS is useful if overhead reduction is an urgent need or if no UE-specific beam-forming is necessary for DL control channel or if channel estimation per DL control channel is burden for a UE. 

	Panasonic
	· When DL control channel is signalled as unicast, UE specific DMRS can be used. This UE specific DMRS also can be used for DL data reception.How does a UE know which DM-RS is FFS.Current expectation is that it is the combination of configuration and RNTI and it would be also related to control channel candidate to monitor.
· When DL control channel is signalled as group cast, group shared/common RS signal should be used. In this case, UE knows that RS is shared by group as it is group common signal. In addition, the RS might be tied to the RNTI. Depending on Tx scheme of PDCCH, whether RS and PDCCH have same precoding or not is defined.

	Ericsson
	Reference signals for downlink control signaling intended for a single UE should depend on the UE identity (e.g. C-RNTI) or a configured identity and not depend on the identity of the transmission point from which the transmission occurs.
Reference signals for downlink control signaling intended for multiple UEs should not depend on the UE identity.

	MediaTek
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
RRC-layer signaling can be used to determine which DM-RS port to use for the UE/PDCCH-specific reference signal. Unlike LTE EPDCCH, there will be sufficient RS in frequency domain for FDM between different UEs in NR-PDCCH so it’s not necessary to tie a DM-RS port to the control channel candidate monitored.
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
Shared/common RS can be used for the following cases.
· Demodulation of control channel(s) over the set of control subbands for initial access, broadcast messages or idle mode operation.
· Demodulation of distributed control channel(s) over the set of control subbands for dedicated data scheduling
· Synchronization tracking
· Radio link monitoring
· AGC setting after UE RF bandwidth adaptation
It doesn’t require UE to explicitly know whether the RS is shared by other UEs or not.

	ZTE
	· Q1. How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
For UE/PDCCH-specific reference signal, the DMRS determination should be implicit as possible.  We don’t preclude some kind of configuration. However, UE should know the DMRS RE location once the UE/PDCCH-specific control candidate location is determined. This scheme should be assumed at least for SU-MIMO case. And it can be further decided for MU-MIMO. 
· Q2. What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
For shared/Common RS, we think it could be useful for common DCI.  The potential transmission should consider beam-sweeping and tracking. The RS for this kind of control should be decided together with transmission scheme of this control channel


	Nokia, ASB
	UE/PDCCH –specific reference signal is the starting point. These can be configured via higher layer signaling. 
Use cases for shared/common RS are not fully clear. Common grants could be seen as an exemplary use case for shared/common grants. But UE does not need to know whether a RS is shared or not. It just needs to know DMRS for different PDCCHs.

	NEC
	For UE-specific control channels, the DMRS can be at least configured to the UE, FFS details.
For the common control channels, beam-specific reference signals (BRS) can be used as demodulating reference signals. The BRS can be derived from some known parameters such as detected Sync Signals, Cell IDs, etc.

	CATT
	Q1: How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
It should not be tied to the control channel candidate because depending on how control channel candidates are mapped across PRBs, the same channel estimation could be used for different candidates. For system information the DMRS ports could be specified and pre-configured to be QCL’ed with the synchronization signals. For UE/PDCCH-specific RS, it should be configured for the UE by RRC signaling.    
Q2: What are the use cases for shared/common RS? Does the UE know whether a RS is shared or not?
It can be used for common or group control and may or may not be beamformed. Thus, the UE doesn’t need to know whether it is shared. A QCL assumption may need to be specified.  

	LG
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
Generally, we prefer UE-specific RS compared to PDCCH-specific RS as a UE can share the same channel estimation for decoding multiple candidates. Whether UE-specific RS is used or not can be determined by search space or control region configuration. For example, USS with localized mapping would be configured with UE-specific RS. 
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
This case can be used at least for common search space. Possibility of shared/common RS for USS for example with distributed resource mapping needs to be further considered. A UE would know the control region for common search space, and can assume that RS used within the region is shared/common RS. 


	Huawei
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?

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 1/2 OFDM symbols of a slot and the control channels transmitted in the data region.
 However, the specification can further allow the different DM-RS patterns for control channels for a particular control subband, which can flexibly support different scenarios and applications, e.g. TDM or FDM control channel multiplexing between UEs. FFS on the details of confirmation of different RS pattern, e.g. blind detection, dynamic or semi-static signalling indicated, etc.


· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?

Shared RS is used at least for multi-cast/common control channels. Shared RS can also support unicast control channel especially when distributive frequency mapping is used. Shared RS which is contained within the time and frequency resource region/subband for the associated channel channels can be supported. The UEs can assume the same precoding operation between RS and the associated channels. The sharing operation can be transparent to the UE. Furthermore, a set of RSs can be shared between different PDCCH blind decoding candidates within a control subband.

Common RS operation can be viewed as CRS-like operation with some differences from LTE (e.g. not transmitted always-on, not span in the full bandwidth). For CRS-like operation, the common RS is transmitted on a fixed set of common resource elements potentially with the wider beam compared to UE-specific DMRS, so that a group UEs can receive control channels by using the common DM-RS. For this kind of common RS design, the use case and benefit are not clear yet and need more study. The key concerns on CRS-like sharing operation include the scheduling limitation and the reliability of the control channel. In addition, there are also other concerns on RS overhead and interference, the impact of data transmission and rate matching if only part of resource is occupied by control channel, and so on. 


	Interdigital
	· For UE/PDCCH specific reference signal for a given control subband DMRS can be configured by higher layer.
· As for the use case, the shared/common RS is needed for common control channel, as well as the case where control channels of different UEs have overlapping resources.


	Intel
	To accommodate both common and UE specific NR PDCCHs, PDCCH-specific DMRS can be configured as part of search space configuration parameters by high layer signaling The transmission scheme and associated DMRS for some common NR PDCCH are defined in specification and applied without the needs of explicit signaling in essential system information.  It is FFS whether space-frequency transmit diversity (specification based SFBC) and/or DMRS based beam alternating (precoding cycling) shall be adopted for NR PDCCH. For UE specific NR PDCCH, similar to LTE EPDCCH, NR PDCCH should support multiple-point transmission. It is FFS for the QCL of DMRS antenna ports and support of multi-point transmission for common NR PDCCH. 

	Xinwei
	How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
The main reason for UE to relate to a specific DM-RS is that control subband of different beams may be transmitted in the same time-frequency resources.  In order to reduce interference different UEs might need to be related to different DM-RS.  
Typically, common search space would be beamformed with relatively wider beams. We believe they may use the same beam as SS block. Different beams could be configured on different control band, which could reduce interference between each other. Thus DMRS pattern is fixed in a control subband and could be used by any UE that uses these resources for reception. 
For UE specific control channel, we also believe DMRS should be fixed within a PRB. All the RS in the PRB would be used by the control channel that uses this PRB.  
What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
The possibility should not be precluded that the above fixed DMRS might span the whole control subband, especially for common search space. UEs multiplexing in the common search space may use the DMRS with wider bandwidth to improve channel estimation performance. UE does not need to know whether this RS may be shared by multiple UEs or not. 

	Fujitsu
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
· More than one DM-RS for control channel demodulation per subband should be supported (e.g. to allow both common and UE-specific control signaling with different precoding in the same subband)
· FFS whether the default DM-RS for control channels is fixed in specification. or maybe indicated (possibly per control subband) by MIB
· DM-RS may be linked to particular control channel candidates in a particular control channel subband by RRC configuration
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
· Similar to EPDCCH in LTE, shared DM-RS would be better for distributed transmission of DCIs. 
· Common control signaling, such as MIB, SIB etc, could support the use case of shared/common RS, especially, when beam sweeping is supported.
The UE does not need to be explicitly informed whether DM-RS are shared or not. For example a UE could deduce that RS associated is shared if the control channel is in a common search space.

	Sharp
	How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? FFS 
Use case for shared/common RS: reduced RS overhead and better channel estimation. Shared/common RS may be configured, but UE does not need to know whether it is shared/common.

	ETRI
	UE-specific DMRS should not be tied to a specific control channel and should be allowed to be shared by multiple control channels. One UE can receive multiple control channels using the same beamformed DMRS.
Shared/common RS can be used for common control channel or UE-specific control channels having a common coverage when overhead reduction is needed. Whether the RS is shared or not by other UE is transparent to UE.

	Convida
	· How does a UE know which DM-RS to use for the UE/PDCCH-specific reference signal? Is it tied to the RNTI used for monitoring a particular control channel, is it configured (and so, how), is it tied to the control channel candidate monitored, or something else?
This is FFS.
· What are the use case for shared/common RS? Does the UE know whether a RS is shared or not?
Common Control signaling would use shared/common RS.UE does not need to know this. For example, this reference signal may be cell and/or beam ID dependent.




Blind decoding
In LTE, blind decoding of PDCCH candidates and DCI formats is used. The number of different DCI formats are fairly large and many of them differ in payload size with just a few bits. Several companies mentioned a similar approach being applied to NR as well, but preferably with a simpler and more regular structure to keep the number of blind decodes under control. One possibility could be to define a relatively small number of DCI payload sizes (e.g. 20, 40, 60 bits) and have a small header of a few bits indicating how the remaining bits should be interpreted, but other possibilities exist as well.
· How to simplify the blind decoding and DCI formats?

	Company
	Comment

	AT&T
	· How to simplify the blind decoding and DCI formats? –> We are fine with the approach mentioned above.

	Qualcomm
	· How to simplify the blind decoding and DCI formats?
We agree with the need to reduce/control the number of blind decodings. Details FFS. Multiple techniques can be considered, such as using a consistent length for DCIs, or aggregate multiple DCIs intended for multiple UEs in the same packet. This can be studied together with the DCI content as the potential lengths of DCI formats will affect the design.

	Samsung
	· DCI format reduction relative to LTE automatically occurs as CRS-associated DCI formats will not be needed in NR (can have a fallback DL DCI format based on ‘shared’ DMRS). As in LTE, the number of blind decodes does not depend on number of specified DCI formats (assuming a UE still monitors one “fallback” and one “non-fallback” DCI format). No apparent need/benefit to fix the DCI size to predetermined number of bits. We agree with the objective to reduce number of decoding operations – both the maximum number and the average number per slot need to be reduced. 

	OPPO
	We feel the need to reduce the blind decoding in NR to support the dynamic switching between different transmit schemes within the same mode in NR. Different approaches could be explored, either to form DCIs with the same length, or use two-step DCIs, where either common part could be transmitted in the 1st step DCI, or a small header could be transmitted in the 1st step DCI. The 2nd step DCI could be used to carry more specific part or the main body of the DCIs.

	Sony
	A small number of DCI payload sizes and a small header defining how further bits should be interpreted sounds like a reasonable approach.

	Vivo
	· How to simplify the blind decoding and DCI formats?
The number of blind decoding shall be kept at a low level in order to minimize UE complexity and enable UE entering micro-sleep ASAP.
We support blind decoding reduction. NR DCI designshould considerthe relation between blinding decoding and DCI formats. Forward compatibility should be considered to ensure enough UE blind decoding number for future release UE.

	NTT DOCOMO
	How to simplify the blind decoding and DCI formats?
The blind decoding is impacted by the factors of the supported aggregation level, number of NR PDCCH candidates per aggregation level and the number of monitored DCI formats 
· Defining relatively small number of DCI payload sizes is one possible approach. However, having a small header of a few bits indicating how the remaining bits should be interpreted requires separate coding between the header and the remaining part within one DCI so that the header is decodable without knowledge of the remaining part. Careful investigation is needed to avoid too much DCI bit wastage in some cases or complication of a DCI design.
· Another direction is to restrict the supported aggregation level or the number of NR PDCCH candidates to facilitate the blind decoding reduction. Just reducing the values results in worse flexibility/performance compared to LTE. Therefore, e.g., RF bandwidth adaptation for DL control channel monitoring, should be considered together.

	Panasonic
	The two payload size operation in LTE works well, i.e. the smaller DCI format is used for fallback operation and the larger DCI format is more elaborated signalling. We think this operation is the baseline of the discussion. 
In LTE, the issue of false detection is raised up asthe number of blind decoding increases. In order to ease false detection /consistency check detection, to have 20 or 24 bits CRC is required.

	Ericsson
	One possibility to reduce the number of formats is to support a small number of DCI payload sizes where a header in the DCI indicates how to interpret the remaining bits. Regarding blind decoding and CCE structure, adopt a nested structure of aggregation levels.

	MediaTek
	We agree with the good intention to reduce UE blind detection complexity. In LTE, different DCI sizes are mainly due to resource allocation types, link directions (e.g. DL or UL), transmission schemes and supported features. However, since LTE Release 8, resource allocation types and link directions are rarely changed and relatively stable. From our views, 2-stage DCI with UE blind detection for 1st stage DCI containing basic control information (e.g. resource allocation information and other feature-independent control information) & no UE blind detection for 2nd stage DCI containing extended control information (e.g. transmission schemes, MCS and other feature-dependent control information) could be a way to reduce UE blind detection complexity. 1st stage DCI can be applied with cross-slot scheduling. The location of 2nd stage DCI can be determined by 1st stage DCI or configured by RRC-layer signaling.

	ZTE
	· Q1
Configuration of several DCI size can reduce the blind detection. It can also help the backward compatibility.
The searching space can be restricted. It can be indicated by other DCI. Sizes of DCI should be limited for a UE.  It should be also configured through RRC. 


	Nokia, ASB
	This can be considered as one option to simplify blind decoding.  Other option to reduce DCI detection burden is to use predetermined numerology for PDCCH.

	NEC
	How to reduce the number of blind decodings has to be studied in detail, however, we agree that one possibility could be to define a relatively small number of DCI payload sizes (e.g. 20, 40, 60 bits) and have a small header of a few bits indicating how the remaining bits should be interpreted.

	CATT
	We also agree with the need to reduce the number of blind decode operations. Possible solutions for further study include having a header to interpret the remaining bits, reducing the number of monitoring instances etc.

	LG
	· How to simplify the blind decoding and DCI formats?
At least some consideration on channel estimation to reduce complexity in blind decoding is necessary. For example, search space candidates of different aggregation levels are within some PRBs such that a UE’s channel estimation can be done within those PRBs. In terms of DCI formats, it seems necessary to minimize the number of different DCI sizes first.  

	Huawei
	Generally, the number of blind detections on control channels should not be designed larger than LTE. If the control channel needs to be blindly detected, it is better to further limit the number of blind detections, e.g. limitation of number of DCI payload sizes; for the control channels transmitted with a two-step method, the first-step DCI can have a field of a few bits indicating how the payload 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. At least one compact single-step DCI format should be supported for URLLC. A split DCI format design can be considered for URLLC.

	Interdigital
	Reducing the number of payload candidates in combination with using headers is a valid approach to simplifying blind decoding.

	Intel
	One possible way to simplify is to use a two-stage control. In the first stage, the control channel only carries basic control information such as resource scheduling. The additional control information can be carried in the second stage control.

	Xinwei
	We share the view that number of blind decodings should be reduced in NR compared to LTE. One possible way is to define a relatively small number of DCI payload sizes as mentioned above. Another way is to use the multi-stage control channel. The first stage only bears the necessary information for the decoding of the second stage. The first stage could be put in the common search space. Blind decoding could be limited to a very small number with fixed size of the first stage DCI and indicated size of the second stage DCI. 

	Fujitsu
	· How to simplify the blind decoding and DCI formats?
· We are fine with the approach mentioned above for a small number of fixed DCI sizes. Another alternative we could look at is a two-step control channel design. 

	Sharp
	Reduction of the total number of blind decoding should be considered, e.g. limit the aggregation level, the DCI sizes, etc. 

	Motorola Mobility
	The number of BDs for a UE can be controlled by adjusting the number of control subbands that the UE is made to monitor. Alignment to a small number of DCI payload sizes is also an option. However, the impact of  padding bits on control channel relaiability should be taken into account.

	ETRI
	The blind decoding complexity should be minimized but the mechanism needs further study. Regarding the DCI design, currently we are not clearly understood what is the main difference between the LTE approach and the header based approach.

	Convida
	Careful assignment of UE-specific subbands would reduce the required number of blind decodes.  Another approach could be the use of two-stage DCI. The first stage DCI could have a unified format with a smaller size so that its blind decoding complexity is limited to a small number. The second stage DCI may contain the detailed control information. 




Control channel duration
In the time domain, it was agreed that “from gNB perspective, DL control signaling can be located at the first OFDM symbol(s) in a slot and/or mini-slot”.
· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?

	Company
	Comment

	AT&T
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols? –> We prefer multiple OFDM symbols.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots? –> We prefer the standard should specify both.


	Qualcomm
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols? 
We prefer a static number of control OFDM symbols. The exact number of control OFDM symbol may depends on the system bandwidth and the subcarrier spacing. For example, for a wide band system, it is possible one OFDM symbol is enough to satisfy the required control channel capacity. On the other hand, when the system bandwidth is narrower, we may need two OFDM symbols for control. This is similar to legacy LTE system where the range of control OFDM symbols is larger for system bandwidth of 1.25MHz.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots? 
We believe there is no need for the number of control OFDM symbols to vary slot by slot. It can be either fixed by spec, potentially as a function of bandwidth and numerology, or given by MIB/MSIB.

	Samsung
	· For Q1, one control channel should span all symbols of a DL control region in a slot to (a) avoid material coverage loss compared to LTE, (b) possibly avoidspectral efficiency loss and increased UE power/complexity for channel estimation by avoiding DMRS duplication per symbol (shared DMRS duplication needs to occur unless respective subband(s) are identical in every symbol), and (c) for a same total number of blind decoding operations per slot, improve blocking probability.It is noted that for per-symbol transmission coverage of NR control channels will be further degraded in case of scaled numerology for the control channels and, in general, due to potential degradation in channel estimation accuracy compared to LTE CRS. 
· For Q2, the number of symbols for the DL control region shall vary per slot to avoid material losses in NR spectral efficiency and avoid for it being substantially worse than in LTE.

	OPPO
	· We feel either options of one control channelbeing mapped to one OFDM symbol or to multiple OFDM symbols could be useful. For example, if a control channel could be transmitted with beamforming, it is better to map it to one OFDM symbol. But for scenario that beamforming operation is not applicable, for example, in single beam case, it may be good to split the control channel into smaller NR-CCE and spread them over different OFDM symbols to explore diversity gain.
· We slightly prefer to support number of OFDM symbols used for downlink control signaling in a slot dynamically varying between slots which is similar as in LTE because we feel such approach has better efficiency in resource utilization not only for PDCCH but also for PDSCH. Such information could be conveyed by a common control channel similar as PCFICH in LTE

	Sony
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
Multiple OFDM symbols should be possible. This supports low rate coding for UEs at the edge of coverage.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
We are OK if the standard supports both.

	Vivo
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
The number of  common control channel can be span multiple OFDM symbols from the beginning of a slot depends on system bandwidth, capacity, connection density.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
For common control channel, semi-static or static configured is preferred.
For the UE-specific control channel, the number of OFDM symbols can be dynamically varying between slots, considering potentially plentiful services and comprehensive requirements for NR.


	NTT DOCOMO
	Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
One control channel should be able to span multiple OFDM symbols.
Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
Should be variable between slots dynamically.

	Panasonic
	· We see the need of two types of DL control channel i.e. latency reduction and wider coverage.For latency reduction case, from gNB perspective, It was agreed that DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot.In our view, for wider coverage case, DL control spans multiple symbols should also be supported. If all symbols in a slot is DL, DL control spans all symbols. If the energy is not sufficient within one slot, multi slots transmission of DL control is supported for wider coverage operation similar to eMTC.
· For both UE specific SS and Group common SS, PCFICH like dynamic signaling is useful for flexible resource utilization.On the other hand, for certain use case like wider coverage UE and eICIC, fixed size of SS without PCFICH like signalling is preferred. Therefore, both dynamic and semi-static should be supported.

	Ericsson
	Avoid the combination of dynamically varying control region size and multi-symbol PDCCHs. One PDCCH should be limited to one OFDM symbol. The need for dynamically varying control region size is not clear, especially not if we allow FDM between control and data in the first OFDM symbol(s).

	MediaTek
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
It depends on how many OFDM symbols will be allocated for DL control region. It’s preferred to have a fixed number of OFDM symbols for DL control region and just provide frequency-domain scalability because it simplifies demodulation pilot design(s) for data channel and data channel rate matching pattern(s).  For DL-only slot type, two OFDM symbols for DL control region are preferred while one OFDM symbol is preferred for bidirectional slot type(s). For DL control region with two OFDM symbols, it should allow one control channel span two OFDM symbols for resource utilization efficiency and cell coverage.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
It’s preferred to have a fixed number of OFDM symbols for DL control region and just provide frequency-domain scalability because it simplifies demodulation pilot design(s) for data channel and data channel rate matching pattern(s). 
If time-domain scalability is really needed, semi-statistically configuration is preferred.

	ZTE
	· Q1
The control OFDM symbol should support multiple OFDM symbols for case of beam-sweeping and higher capacity. However, one OFDM symbol case should be supported as basic scheme.  
For beam-sweeping case, it can span to multiple OFDM symbols in multi-shot.  Each shot will be different beam. The multi-shot is configured UE-specifically
· Q2
We prefer semi-statically indication of symbol duration, considering another level of dynamic indication also need to ensure beam-sweeping and coverage. Dynamic varying in certain pattern is not needed.

	Nokia, ASB
	NR should support DL control channel with one or more OFDMA symbols  
The number of OFDM symbols used for DL control signaling may vary dynamically between slots.
NR-CCE composition in both time and frequency should be supported

	NEC
	FFS on number of OFDM symbols in time-domain, fixed or variable.


	CATT
	Q1: Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
The time duration of one control channel depends on the use case. Short duration is beneficial for lower decoding latency. Longer duration is beneficial for extended coverage. 
Q2: Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
Dynamically varying should be supported. 

	LG
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
In multi-analog beam case, we see some benefits of confining a control channel within one or fixed number of OFDM symbols to simplify the multi-analog beam operation. In other cases, to minimize DM-RS overhead, time-diversity, we consider NR should support the case one control channel can be mapped to multiple OFDM symbols. 
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
Semi-statically configured symbol may not address the control capacity change effectively. We can introduce a common signaling to indicate the control region size in time. FFS whether this signal is also introduced for multi-analog beam case. FFS whether this signal is combined with other signals such as indication of reserved resources. 


	Huawei
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
There are some use cases to support one control channel to span multiple OFDM symbols, e.g. 2 OFDM symbols, for capacity and/or coverage enhancement, and potential RS overhead reduction. At the same time, it may not be necessarily to support more than 2 OFDM symbols, for simplicity of specification, reduction of control overhead especially for self-contained structure, etc. 

· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
The number of OFDM symbols used for downlink control signaling in a slot may be related to RS pattern, REG definition, multiplexing between UEs, etc. so far, it is not clear. The concrete signalling design to support the change of the number of OFDM symbols used for downlink control signaling varying between slots needs further study. As a baseline, at least semi-static configuration of these parameters should be supported.

	Interdigital
	· Semi-static number of control OFDM symbols is preferred. One OFDM symbol is preferred, but more symbols might be used if the system bandwidth is narrow.
· The number of OFDM symbols used for downlink control signaling in a slot can be semi-statically configured               

	Intel
	For UE specific control channel, the number of OFDM symbols, defined as X, in the DL control subband, can be configured by high layer signalling. And the value of X can be the duration of slot and/or mini-slot in term of number of OFDM symbols.

	Xinwei
	Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
One control channel should be able to span multiple OFDM symbols. Due to the fact that analog beamforming may be applied for the control channel, it is better to allow the network to configure the control region to span multiple OFDM symbols and thus have more control channels per slot. 
Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
We don’t see the needs of varying number of OFDM symbols across slots. The number of OFDM symbols per slot should be fixed. But if there is multi-stage control channel design, it should be possible for the first stage to point out how many symbols or which kind of time-frequency resources the second stage is occupying.


	Fujitsu
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols? 
· Support for multiple OFDM symbols is preferred, considering there are variety of requirements, some of which need short latency, and some require extended coverage. The number of symbols could be configured.
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
· Dynamically variability is not necessary. The number of OFDM symbols could be indicated from the information provided in MIB, SIB, or UE specifically either explicitly or implicitly, (depending on how the details of a particular control channel are configured to the UE). Details FFS.

	Sharp
	Both one and multiple symbols per DL control channel should be supported. 
For DL control channel region, we should study both semi-static and dynamic adaptation. It also depends on whether the configuration is done by UE-common (e.g. like legacy PCFICH) or UE-specific (e.g. like EPDCCH configuration).

	Motorola Mobility
	Number of OFDM symbols used for downlink control signaling need not vary dynamically between slots as control overhead can be managed in frequency domain.

	ETRI
	· Q1: Supporting both cases is preferred, but how to manage the two cases together is FFS. Whether/how to multiplex control channels having different number of OFDM symbols within a control subband is a relevant issue.
· Q2: Generally we think dynamic adaptation of control region size is needed in NR as well for better spectrum utilization since NR is expected to support much larger multi-user scheduling capability at least in below 6GHz. The adaptation can be either in time or in frequency. We prefer time domain adaptation because it is simpler and provides faster control channel capacity expansion within a slot.

	Convida
	· Is one control channel limited to one OFDM symbol or can one control channel span multiple OFDM symbols?
NR may decide to keep the number of control symbols configurable dynamically or keep it fixed. 
· Is the number of OFDM symbols used for downlink control signaling in a slot semi-statically configured or dynamically varying between slots?
Configurability can help to tailor overhead resources appropriately to changing traffic. 



Broadcast control channels
Unicast control channels are needed for uplink/downlink scheduling. Such channels can also be addressed to multiple UEs, e.g. by using some form of group or common RNTI. One example is scheduling of system information in LTE. In addition, LTE also supports a broadcast control channel, the PCFICH, needed to be able to monitor for PDCCH.
· Is there a need for a broadcasted “PCFICH-like” control channelsin NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?

	Company
	Comment

	AT&T
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose? –> Yes, we prefer this should be part of the PART1 of the two stage control channel
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system? –>  Since it is common, all the UEs use same beam.


	Qualcomm
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
We prefer the number of control OFDM symbols to be fixed, instead of dynamically changing slot by slot. On the other hand, we do envision a PCFICH like channel that indicate some slot structure information to the UEs, such as the slot is DL oriented or UL oriented. We use the term PSFICH in our proposal.
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system? 
For beamformed system, it may not be possible to embed a PCFICH-like control channel in the control OFDM symbol to reach all UEs. The transmission of such control channels can be beamformed as well.

	Samsung
	· For Q1, a UE-common control channel (for RRC CONNECTED UEs) is needed to provide essential information regarding the system operation in the slot and possibly in future slots (including to UEs without DL assignments). This includes CFI, reserved time-frequency resources for forward compatibility (should not be semi-static), available UL BW forpotential grant-free transmissions, the slot structure (DL/GP/UL partition), improved coexistence with LTE for less NR-UE power consumption, etc. The common control channel can have a very small size (e.g. similar to DCI 1C in LTE) for maximum coverage.
· For Q2, handling is per beam (i.e. the control channels are beam-formed).

	OPPO
	· We like to see the introduction  of such broadcasted control channel to carry some information about the control channel structure such as CFI, UL/DL partition etc.  It could be transmitted using beamforming in a beanformed system. 

	Sony
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
For the URLLC / eMBB sharing case, depending on the design for dynamically sharing URLLC and eMBB, it should be possible for eMBB UEs to decode some of the URLLC control information (and that URLLC control information would essentially be broadcast).
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
These channels probably need different RS to the other control channels, in order to allow for different beamforming of the broadcast control channels to the unicast channels (and the “different beamforming” aspect can be decided on by the gNB).

	Vivo
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
We think it is necessary to include such PCFICH-like control channel (not necessarily the same information as the PCFICH in LTE). It is expected such PCFICH-like control channel can indicate the structure of the subframe/slot/minislot, e.g., how many DL/UL symbols in a subframe/slot/minislot, what are the slot types (DL-heavy or UL heavy or other?) in a period, what is the resource mapping of second-step UE-specific control channel (if any), etc.
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
Different to PDSCH DMRS, a PCFICH-like-specific reference signal is needed for demodulation.
In order to compensate coverage gap between beamformed PDSCH transmission and non-beamformed PCFICH-like control channels, several aspects can be considered, e.g., frequency diversity/hopping, lower code rate, transmit diversity, power boosting, spectrumspreading or adopting scrambling,etc.


	NTT DOCOMO
	Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
It is desirable to support mechanism enabling varying the number of OFDM symbols for DL control channels per slot in dynamic manner. This can be realized by PCFICH-like control channel. If such “PCFICH-like control channel” is introduced, this should be transmitted within the control subband that can be monitored by UE without configuration. However, as pointed above, the PCFICH-like control channel may not be suitable for beam-formed system. Another way is to rely on UE blind decodes; UE performs blind decoding for DL control channel candidates where each DL control channel candidate could span different number of OFDM symbols and/or different OFDM symbol position. 

	Panasonic
	· Group common PCFICH like signaling is useful for flexible resource utilization. The PCFICH like signalling indicates the time and frequencyregion of SS and slot duplexing direction. The PCFICH like signalling is not necessary to decoded by all UEs in a cell. i.e. not cell specific but group specific, becausecell specific signalling has a lot of limitation on spatial reuse and future flexibility.
· UEs with the same beam or multiple of beams share the same "PCFICH like" signal. This is called as subcellbehavior (see R1-1612228).

	Ericsson
	In general, having a control channel structure that required the UE to receive a broadcasted L1/L2 channels in each slot prior to monitoring PDCCHs does not blend well with a beamformed design. Hence we prefer to avoid “PCFICH-like” channels (indicating the control region size or something else).

	MediaTek
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
Broadcasted control channel(s) should be allowed to provide at least some slot-dependent information but it’s not necessary to have the same physical channel structure as PCFICH. 
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
For beamformed system, the broadcasted control channel(s) within a slot may not be able to access all served UEs but the data scheduling within the corresponding slot can be limited to the UEs which can receive the broadcasted control channel(s). The beamforming of the broadcasted control channel(s) can be changed slot by slot.

	ZTE
	· Q1
We would see the justification of that kind channel. How often of the signal should be sent? The benefit of that signal should be justified.
It should also be clarified if the control channel are mandated for UE and gNB.
· Q2
We also need to consider have to transmit this in beam-sweeping scheme efficiently.

	Nokia, ASB
	The need for “PCFICH-like” singalling would require clear justification and it should not be a mandatory option in all deployment scenarios. One exemplary use case would be to facilitate dynamic numerology adaptation within slot 

	NEC
	PCFICH-like may not be needed as number of control subbands for common control channels are preconfigured e.g. in MIB. FFS on number of OFDM symbols in time domain.
The transmission of broadcasted control channels may be needed (e.g. SI, RAR).  In our view, the broadcasted control channels can be transmitted in predefined resources by utilizing a beam-specific transmission (i.e. a beam that covers a part of the cell) in which beam-specific reference signals (BRS) are used as demodulating reference signals.


	CATT
	Q1: Is there a need for a broadcasted “PCFICH-like” control channelsin NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
Common control signaling can be used to indicate the following
1) Number of symbols for control channel and/or number of control regions in a slot
2) DL/UL partition for the slot

Q2: How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
If introduced such a channel would have to be beamformed as well. QCL considerations would also apply. 

	LG
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
At least for indicating control region size in time. 
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
In multi-beam operation, either semi-statically configured control region or based on UE blind decoding can be considered. However, if this signal is combined with any other purposes such as reserved resource indication, it can be also considered even for multi-beam operation case where it is rather UE-group-specific sharing the same analog beam. 

	Huawei
	· Is there a need for a broadcasted “PCFICH-like” control channels in NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
There could be benefits not to define a “PCFICH-like” control channels 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. 
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
If any, the transmission of “PCFICH-like” control channels can reuse the scheme of beam-based PBCH, maybe self-contained RS is needed to enable “PCFICH-like” control channel reception/detection.


	Interdigital
	· We don’t see strong motivation to introduce “PCIFICH-like” signaling


	Intel
	A common broadcasting-type control channel may be beneficial and could include, e.g., DL/UL indication

	Xinwei
	We don’t see the needs of PCFICH defined in NR. As pointed out in previous section, the number of OFDM symbols for the first stage control channel is fixed. There is no need to indicate the number of OFDM symbols through PCFICH. For other purpose, PDCCH may be enough to inform UE the corresponding message.

	Fujitsu
	· Is there a need for a broadcasted “PCFICH-like” control channelsin NR (not necessarily providing the same information as the PCFICH in LTE) which all UEs need to receive in order to monitor the (unicast) control channels? If so, for what purpose?
· The discussion of PCFICH-like control channel depends on how we design any additional types of broadcast control channel(s). If we can deduce the same information from another broadcast channel, then it’s not necessary to have a PCFICH-like channel.
· In addition, we think some additional kind of broadcast control channel is required, especially, for the scenario of dynamic resource sharing between URLLC and eMBB, it should be possible for eMBB UEs to decode some of the URLLC control information, such as a preemption indicator signal which is broadcast and used by eMBB UEs to determine the presence of URLLC traffic.
· How to handle broadcasted “PCFICH-like” control channels in a beamformed system?
· The transmission of a broadcasted control channels can be beamformed, in the same way as beamformed PBCH.

	Sharp
	Study both semi-static and dynamic adaptation for DL control region. PCFICH-like is a possible way for realizing the dynamic DL control region adaptation.

	Motorola Mobility
	With regard to DL control channel reception, the main utility of “PCFICH-like” signalling is reduction of control channel blind decoding complexity. Our preference is to have DL control design that does not rely on such signaling. The need for per-slot broadcast signalling to indicate other aspects (e.g. reserved/UL resources etc.) needs to be studied further.

	ETRI
	The CFI-like information needs to be signaled to support dynamic adaptation of control channel duration. How to broadcast it under beam-centric operation needs further investigation. 

	Convida
	CFI signaling is FFS for beam centric operation.





Other
Any additional comment or views on downlink control signaling?

	Company
	Comment

	AT&T
	In our view, for NR we need to enhance the control channel performance rather than following the legacy control channel structures similar to LTE/HSPA.  Hence we propose rather than using fixed modulation, NR should extend the link adaptation benefits to control channel. In addition, we believe the contents of control channel (at least two stage design) depends on the channel coding scheme selected (R1-1609385). Hence RAN1 should waituntil the selection of channel coding scheme for control channel. 

	Qualcomm
	For the control channel design for NR, we believe it is critical to achieve the following:
· Reduce the control overhead. For this purpose, we may consider using other control information delivery mechanism such as ePDCCH, D-PDCCH, cross slot scheduling, and multi-slot grant (some of these already agreed in previous meetings).
· Reduce the UE complexity to monitor and decode the control channels. This mainly involves decoding candidate set improvement and DCI design improvement.
· Support UE/PDCCH-specific beamforming for unicast control. Using DMRS for PRB can help achieving this goal.
· DMRS overhead reduction. For sub6, when there are multiple control OFDM symbols, front-loaded DMRS can be used and shared across OFDM symbols in the same PRB, if the same PRB over different OFDM symbols belongs to the same UE. 
· On the other hand, for above 6 GHz band, if beamforming is used and we need to send TDM control OFDM symbols to different UEs with different beamform, we may need DMRS in each control OFDM symbol.
· The control channel structure is more UE PDSCH processing friendly. We may need to consider: 
· Using fixed control OFDM symbol to avoid DMRS/control collision cross gNBs.
· Scaled OFDM numerology for control with multi-part DCIs
· UE side and gNB side power saving.

	Samsung
	DL control channels for NR shall be designedto have at least the sameand preferably better quality that DL control channels in LTEfor at least the following metrics: UE power consumption, spectral efficiency, coverage, operational/implementation simplicity. 

	OPPO
	We shared the views with other companies that NR control channel design shall maintain similar performance as in LTE under 6 GHz, but yet be able to satisfy new requirements and explore new features and benefits such as beamformings, quick DL/UL switching, low latency etc

	Sony
	We see various use cases for a two stage design for the downlink control signaling especially in the case of scheduling for the URLLC use case. For example, one control channel would be divided into two parts from the viewpoint of signaling overhead, scheduling flexibility and so on. When a mini-slot is used for scheduling of each low latency data, 1st part of the control channel can be mapped at start of a slot, and 2nd part of the control channel can be mapped at a mini-slot which is within the slot.
In addition, we think that within a subframe, there might be more than one downlink control channel for a UE. One particular case where this is useful is the dynamic sharing of URLLC and eMBB. A second control channel at the end of the subframe can provide repair / puncturing information for eMBB transmissions that have been corrupted by URLLC. Another case is where the initial control channel provides some basic physical channel processing parameters for the UE (so the UE can start channel estimation / LLR generation) and a later control channel provides more detailed physical channel processing / TrCH processing parameters.  

	Vivo
	In additional , DL control channels design shall also consider the following aspects,
· A unified design for sub6GHz and above 6GHz, standalone and non-standalone. Forward compatibility shall be kept to ensure new features introduced in later releases smoothly.
· 5G NR non-standalone design shall consider standalone design together from forward compatible perspective.
· Better or at least the same performance of  DL control channels as LTE, avoiding performance gap between control and data channels
· Including those aspects closely related with DL control channels design in a whole picture (such as DCI design, MIB design, and coding design)
· Powersaving and decoding/demodulation/reception complexity for both UE side and network sideshall be kept in a low level
· UE processing time (a.k.a the same concept of UE processing time in LTE discussion) shall be UE capability/categorydependent.
· UE baseband processing, e.g., HARQ, data encoding/decoding and etc shall be duplex agnostic and band agnostic.

	Ericsson
	The downlink control channel design should work with beamforming and a unified design spanning (at least regarding principles) from low ~1 GHz designs into mm-wave. Ultra-lean design, minimizing transmission of always-on signals, is important.

	ZTE
	We should decide if the unused resource. Each UE will be configured with different PDCCH duration. For UE does not occupy the all the assign PDCCH region, PUSCH can reuse the resource, which can transmit data with DMRS structure of PDCCH.  This should be considered with mapping scheme of CCE over the PDCCH resources.
For PDCCH with different number of OFDM symbol, what is the relationship between structures of the different durations? We suggest considering the simple repetition structure, which can be based on one symbol duration.

	NEC
	Under 6GHz, we agree with Samsung that the DL control channels for NR should have at least same quality as that DL control channels in LTE.


	CATT
	Design should strive to minimize decoding complexity and aim for efficient scheduling especially when a significant proportion of DCI contents is similar across multiple UEs. 

	LG
	Though commonality between single and multi-beam cases would be desirable, we see somewhat different requirements/use cases. Overall, we can design a unified framework where some functionalities may not be applied in different scenario or different mode is used in different scenario.
Moreover, in designing of control for mini-slot based scheduling, further simplification (e.g., reduced BD) should be considered to minimize processing time. 
Additionally, possibility to allow resource sharing between data and control within the configured control region should be considered. 

	Huawei
	In addition, superposition of control and data transmission can be considered to enable concurrent transmission of control and data using the same reference signals (e.g., DM-RS), potentially improving in that way the overall spectral efficiency. The superposition method could be similar to those considered for MUST or to other overloading techniques studied in NR.

	Interdigital
	We think that the probability of user blocking should be considered as a critical factor in the evaluation and selection of NR-PDCCH designs, at least for URLLC.

	Xinwei
	Generally, we believe two-stage control DL channel should be designed to solve above mentioned problems. The first stage contains the necessary information for further decoding and the second stage contains information for data decoding. Common search space lies in the first stage and UE specific search space lies in the second stage. First stage is beamformed as SS block, while second stage is beamformed as data. Numerology and possible control subband region is configured in SS block or in SIB-like broadcast information. While the corresponding information for the second stage could be found in the first stage control message. 

	Fujitsu
	We think that additional types of downlink control signaling for NR should be considered,  For example, for subslot based scheduling  in the case of multiplexing eMBB and URLLC data transmission in the same carrier, a preemption indicator signal can be included in a subslot, which is used to let a eMBB UE know the existence of a URLLC allocation.

	ETRI
	Control channel numerology in the mixed-numerology case needs to be considered. A related issue is whether/how to define guard band when a control subband is FDMed with different numerology signals/channels.

	Convida
	Consider common control signaling to cover eMBB and URLL use cases. So enough aggregation levels must be available to cater to reliability requirements of URLLC

Also NR should consider beam-centric signaling of DL control channels.




