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Introduction
In this document some questions on L1/L2 downlink control signaling are stated together with the response from different companies and a proposed way forward.
PDCCH structure
At RAN1#86bis, it was agreed that
· NR should support at least the following
· A DL control channel can be mapped on one or more NR-CCEs
· This is at least for the case where the DL control region consists of one or a few OFDM symbol(s) of a slot or a mini-slot
· A NR-CCE includes a positive integer number of PRBs (FFS: exact value)
· FFS: whether a NR-CCE contains contiguous PRBs
· FFS: whether multiple NR-CCEs may share one or more PRBs
· FFS: whether NR-CCE is mapped on frequency-domain only or on both frequency and time-domain.

Furthermore, at Ran1#87 it was agreed that
· At least for single-stage DCI design:
· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information
· The PRBs may or may not be frequency contiguous
· A UE may have one or more control resource sets
· Working assumption: One DCI message is located within one control resource set
· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel

One of the FFS points relates to how to exploit frequency diversity by spreading out the RBs carrying one PDCCH in the frequency domain.
· Is a PRB used by one CCE only, i.e. multiple PDCCHs cannot be mapped to the same PRB (this seems to be intention behind the above agreement)?
· Are there any requirements on how the PRBs can be spread out, e.g. does channel estimation performance suggest a certain minimum number of frequency-contiguous PRBs or can the PRBs be located arbitrarily? 

Outcome: Most, if not all, companies shared the view that, except for MU-MIMO, a PRB cannot be shared by multiple transmitted PDCCHs. Regarding the minimum number of frequency-consecutive PRBs in one CCE there were no clear view expressed and most companies saw the need for further studies. 
Proposal: 
· In one OFDM symbol, multiple PDCCHs cannot be transmitted on the same PRB except for spatial multiplexing to different UEs (MU-MIMO).

	Company
	Comment

	Samsung
	For the first question, it should be clarified that it refers to (multiple) PDCCH candidates for the same UE. At least for eMBB, CCEs for PDCCH candidates should not overlap. FFS for URLLC. 
For the second question, in RAN1#87 we proposed to keep FFS the unit size of the control channel– the reason was exactly to first evaluate the impact on channel estimation. However, as we were the only company to do so, we did not object to the RAN1 agreement to have one PRB as the resource unit size. Therefore, the possibility to have a minimum number of frequency-contiguous PRBs larger than 1 seems to require revoking the RAN1#87 agreement. 

	Panasonic
	- When a NR CCE is located on one symbol, our view is that a PRB is only used by one NR CCE for both localized allocation and distributed allocation. One PRB in a symbol has 12 REs.When 3 REs are used for RS, there are only 9 REs in one PRB in a symbol. If one assumes an NR CCE size is around 36REs, an NR CCEs are located on 3 PRBs and it would have enough frequency diversity. Therefore, one PRB is used by one NR CCE would be sufficient.  When NR CCE is located on multiple symbols, one PRB is used by one NR CCErestriction is not necessary. In order to have frequency diversity but still using multiple symbols by one NR CCE, one PRB is used by multiple NR CCEs are necessary.
- Both localized and distributed NR-CCE should be supported. It would be realized by search space configuration at least for UE specific SS. Distributed NR-CCEcould be realized in PRB level, as similar to resource allocation type 2 in DL LTE.

	Ericsson
	Seen from a single UE one PRB is used by at most one CCE (i.e. multiple CCEs cannot share the same PRB). The PRBs constituting one CCE are contiguous in frequency; frequency diversity can be achieved by non-contiguous CCEs.

	ZTE
	We agree that multiple PDCCHs/CCEs cannot be FDMed within one PRB, at least for localized resource mapping. That one should be clarified in our agreement of PDCCH. We should further clarify level of distributed mapping of CCE. If it is PRB level or subcarrier level. It can be applied to common control channel.
We did not see the reason to set a number of contiguous PRBs to achieve any minimum channel estimation requirement.  The PRBs location of CCE can be allocated based on the resource mapping need of PDCCH. However, simple frequency-first mapping should be allowed.
Further question from our side: Should PRB used for CCE defined in fixed symbol duration or variable duration? For us, to achieve constant size of CCEs, it should have fixed number of PRBs and each PRB should have a fixed number of REs. We think this would be also decided to make some clear basis to further construct PDCCH.

	Qualcomm
	For each PRB, our view is that it is assigned to an NR-CCE as a whole. In other words, there is no further FDM multiplexing of REs from different PDCCH within a PRB. However, it is also possible to use PRB is SDMA fashion, especially in above 6 GHz deployment, that a PRB belongs to more than one PDCCH in different beams.
For the bundling of PRB, we believe it is a tradeoff between channel estimation quality and frequency diversity gain. For common control resource set, continuous beamforming that supports wide band channel estimation should be used for channel estimation gain, and the PRBs for a PDCCH should be distributed over the entire resource set for higher diversity gain. For UE specific control resource set, when per PRB beamforming is used, depends on the deployment scenario (indoor or macro, etc.), resource set bandwidth, and subcarrier spacing, different bundling of PRBs may achieve different tradeoff between channel estimation quality and diversity gain. Further study is needed to decide if a single PRB bundling is acceptable, or different PRB bundling levels are needed depending on the configuration of the UE specific control resource set.

	OPPO
	We feel the answer depending on the definition of a PRB. If  a PRB is defined only along frequency domain with 12 RE(s), then based on the agreement from RAN1-87 meeting, a PRB is the resource unit size (may or may not including DM-RS) for control channel. Therefore, a PRB is used by one CCE only. However, if a PRB is considered to include multiple OFDM symbols in time domain, then different symbols in a PRB  could be allocated to different CCE(s) and different PDCCHs. That could be the case when PRB(s) are spread out in frequency domain to explore the frequency diversity gain and multiple PDCCHs could be allocated to the same sets of distributed PRBs.
There could be some limit for frequency domain spreading within which there shall deem no frequency diversity gain (e.g., the spreading gap is less than coherent bandwidth). Otherwise, the spreading could be achieved by evenly distributing the PRB(s) within the maximum span of specified control resource set. 

	LG
	- From the time/frequency domain perspective, the number of PDCCHs in a PRB depends on thetransmission scheme (e.g., beamforming/SFBC) and/or resource mapping type (e.g., localized/distributed mapping). For example, it could be desirable to prohibit multiplexing PDCCHs in the same PRB in order to decrease scheduling complexity when the beamforming scheme is used, but it is useful to acquire frequency diversity gain in transmit diversity case. On the other hand, in the spatial domain, multiple PDCCHs can be multiplexed in a PRB (e.g., MU-MIMO) for increasing control channel capacity.From a UE perspective, we don’t consider to support SU-MIMO because of complexity and latency.
- Generally, PRB bundling can increase channel estimation performance. So it should be considered for NR. Regarding the exact bundling size for each resource mapping type, further studies are needed.

	Intel
	Per the agreement from last meeting, the resource unit size for the NR control channel is one PRB in the frequency domain. We think of this as an NR-REG and TDM/FDM multiplexing of PDCCHs within the NR-REG should not be supported. Non-orthogonal sharing via SDMA can be considered. Whether CCE consists of contiguous or non-contiguous PRBs depends on RS design, e.g., whether common RS can be used for channel estimation. 

	NTT DOCOMO
	For the first question, it is our understanding that for a control resource set having only one OFDM symbol, one PRB is used by only one CCE; in other words, one CCE occupies integer number of PRBs. For a control resource set having multiple OFDM symbols, different CCEs can occupy different OFDM symbols ofthe same PRB in the same control resource set.
For the second question, as Samsung pointed out, one PRB is the resource unit size for control channel and the PRBs may or may not be frequency contiguous.

	CATT
	Q1: First our understanding of the question is that a PRB refers to 12 REs in a single symbol. Therefore, from a UE’s perspective we think that a PRB is only used by one CCE. 
Q2: We believe that both distributed and localized mappings are possible. One solution may be to localize the PRBs making up a CCE so that it improves channel estimation performance, and then different CCEs may be distributed but this means that for AL=1 no frequency diversity is possible. So we feel some evaluations are necessary to determine CCE-level or PRB-level distributed mapping. In any case, this is dependent on the search space design.

	MediaTek
	· There are multiple situations that multiple PDCCHs are mapped to one PRB. For example, if the control resource set is longer than one OFDM symbols, PDCCHs to different UEs can be transmitted at different OFDM symbols in one PRB. Moreover, when spatial domain is exploited for PDCCH transmission, multiple PDCCHs are mapped to one PRB. Furthermore, if different CCEs are FDMs within a PRB, a CCE can be spread over more PRBs, and the frequency diversity is better explored. This diversity gain increase is obvious for PDCCH with only one CCE.  
· Channel estimation and frequency diversity need to be taken into account when considering PRB bundling of PDCCH transmission.

	Nokia, ASB
	For a UE, one PRB should belong to just one CCE. But MU-MIMO should be possible for multiple UEs to share a PRB.
One CCE can consist of either localized or distributed PRBs, which is up to the eNB to configure. Localized CCE provides frequency selective gain and better channel estimation. Distributed CCE provides frequency diversity gain, which is important in some cases such as common search space.

	Interdigital
	· We think the possibility of one PRB used by more than one CCE should not be precluded, at least for URLLC. When the resource pool is small or the requirements are tight, the possibility of sharing a PRB among two or more CCEs makes the design more flexible and helps to achieve the requirements.
· The PRBs constituting one CCE can be contagious or distributed.

	Mitsubishi
	Same opinion as Ericsson.

	AT&T
	For a PDCCH, one PRB should belong to just one CCE. 
CCE may include localized or distributed PRBs up to gNB’s configuration. In addition, the modulation of CCE can be signaled. 

	Huawei
	For the first question, one CCE can belong to multiple PDCCH candidates for a UE for the same or different aggregation levels, but two CCEs actually transmitted cannot be mapped to a single PRB for SU-MIMO transmission. When MU-MIMO can be applied, multiple PDCCHs for different UEs will share the same CCE. 
For the second question, as agreed in RAN1#87, a PRB is the resource unit size for control channel and the PRBs in one NR-CCE can be either contiguous or non-contiguous. Evaluations may be needed to see whether non-contiguous PRBs can achieve the considerable gain, in addition, it also depends on the bandwidth for control resource set and RS design as Intel mentioned. 
If non-contiguous PRBs for one CCE are agreed, one PRB granularity for distributed mapping is preferred. 

	vivo
	For NR-PDCCH mapped to frequency-contiguous PRBs, one PRB is used by one CCE only. (Note: this does not imply one CCE is one PRB.)
For NR-PDCCH mapped to frequency-non-contiguous PRBs, we prefer the minimum granularity for allocating NR-PDCCH is one PRB, i.e., one PRB is used by one CCE. However, whether smaller granularity, e.g., subcarrier-level, distributed mapping for NR-PDCCH could be FFS to know its additional performance gain over PRB-level distributed mapping.
For spreading out rules, we prefer multi-PRB channel estimation shall be supported for polar encoded NR-PDCCH, at least for CCE=3PRB case. Refer to R1-1700279 for details.


	ETRI
	We can clarify that multiple CCEs are not multiplexed by FDM within one PRB. But spatial domain can be utilized to multiplex multiple CCEs to different UEs.
Since PRB bundling can improve the channel estimation performance, PRB bundle based spreading needs to be supported. Variable size of the PRB bundle may be beneficial but signaling burden to support it should be taken into account.



DM-RS for downlink control signaling
At RAN1#87, it was agreed that
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity
· FFS: For one UE, there is the case the channel estimate obtained for one REis reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly
However, the content of the configuration for ‘reference signals can be configured’ is open. 
The support of beamforming/MU-MIMO where multiple UEs are spatially separated but use the same time-frequency resource for control signaling was also discussed during RAN1#87 and there seems to be a broad understanding that this can be beneficial but benefits from different (orthogonal) reference signals for the different control channel instances that happen to overlap in time/frequency (but not in the spatial domain).
· What should the RS structure look like?
· Does the UE use one of many RS sequences where the sequence is RRC configured (or tied to the RNTI)?
· Do we use an ‘EPDCCH-like’ approach where, on top of a sequence given by a virtual cell ID, a small number of orthogonal cover codes (antenna ports) are used with the OCC to use tied to the RNTI?
· Should we adopt a ‘hierarchical’ structure where the channel estimate obtained for one REis reusable across multiple blind decodings involving that RE?

Outcome: Regarding the reference signals, it was hard to see a common view among the responses. beyond that there is some form of RRC configuration of the reference signal sequence. Regarding the hierarchical structure most companies preferred such a structure but several companies also pointed out the need to investigate the blocking probability.
Proposal: 
· Focus on a ‘hierarchical’ structure where the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE but ensure that PDCCH blocking does not become a too large problem.

	Company
	Comment

	Samsung
	For the first question, the two options were treated in RAN1#87 (and the first option was agreed). There is no apparent reason to have both options.
For the second question, we prefer to have a ‘hierarchical’ structure (for the same resource set).

	Panasonic
	· For group common search space, group shared/common RS signal should be used. The group common RS can be configured by essential SIB and related with RACH procedure. One group is called as subcell in our proposal.
For UE specific search space, ID (similar to EPDCCH virtual cell ID) which is configured by higher layer is used for sequence. The DMRS for NR-CCE could be reused for DL data. The antenna ports allocation is FFS.
Our understanding is common search space means common per "cell". We don't think common search space is necessary for NR. But if it is introduced, common RS related with PCI is used.
· For wider coverage case, multiple slots channel estimation improves DL control channel reception performance. This aspect should be considered.

	Ericsson
	We prefer a hierarchical scheme.

	ZTE
	We can look for a common design for beamforming and MU-MIMO scheme for PDCCH. RS sequence may not be used to differentiate beams if good orthogonality can be achieved. A common way of using is that several analog beams can be combined into a wider beam to a UE. This will make the RS of different beam transparent to UEs. There might be need for differentiating UEs using different beam in the same resource. However, they should have limited number of RS sequences. Details can be FFS.
Within each beam we may consider orthogonal RS to support transmission diversity, but those order of orthogonality may also be limited, e.g. 2.
We can FFS if it tie to RNTI and/or spread in OCC
There a many factors for efficient multiplexing. We need consider them together with channel estimation  

	Qualcomm
	For the RS scrambling of MU-MIMO fashion PDCCH, we prefer virtual cell ID approach. It is not clear to us how to introduce OCC in the PDCCH MU-MIMO. Further study is needed.
In our view, the hierarchical structure is helpful in reducing receiver complexity for PDCCH.

	OPPO
	We feel the RS sequences could either be tied to some UE ID such as RNTI or be configured by RRC. In addition to the RS sequences, the positons of RS could also be tied with some UE ID or beam ID to avoid the interference and facilitate the joint transmission. 
Using EPDCCH-like approach plus OCC codes would be another way to generate the RS sequences for PDCCH. It may require more signalling support as compared with tied it to RNTI
We feel it would be beneficial if channel estimation for one RE could be reusable across multiple blind decoding involving that RE as it first will reduce the standard efforts, second, it will reduce the complexity at the UE side for channel estimation, which is critical providing the fact that the UE may have to exhaust all PDCCH candidates (and channel estimation portion) before being able to decode its PDCCH

	LG
	- For control channel transmission, not only beamforming but also transmit diversity (SFBC) can be considered, and at least 2 ports are needed for supporting SFBC. So, if the beamforming scheme is used, for MU-MIMO pairing, 2 ports can be distributed one by one to each UE. FFS on whether more than 2 UEs can be multiplexed in a same time/frequency resource, and how to scramble RS sequence if it is supported. Also control resource set specific RS sequence can be considered for the DPS operation (similar to EPDCCH). In these cases, RS sequence/scrambling parameter should be configured, and it provided by the RRC signaling. 
- For the complexity reduction, a ‘hierarchical’ structure can be considered.

	Intel
	We share the view of Samsung and Ericsson.

	NTT DOCOMO
	For the first question, so far there seems no strong issue so far.
For the second question, we prefer to adapt a hierarchical structure to reduce the channel estimation effort. However, it should be confirmed well that sufficiently low PDCCH blocking probability is achievable. 

	CATT
	We have a similar view with DOCOMO that while the hierarchical structure is beneficial we should first check the blocking probability.

	MediaTek
	· The answer depends on whether MU-MIMO is supported for PDCCH transmission. If MU-MIMO is not supported, the number of RS REs is fixed, and the first RS structure is more time-frequency resource efficient. If otherwise and the number of UEs to be multiplexed is flexible, RS for multiple UEs can be placed at the same REs, and there is benefit of unified RS RE mapping for the number of supported UEs. Therefore, we do not have a clear preference now, and we think more evaluation is needed.
· Hierarchical structure to save the receiver complexity is preferred.   

	Nokia, ASB
	We think EPDCCH-like approach can be beneficial, that is, having a sequence generated based on a configured ID and a small number of orthogonal antenna ports (e.g. 2).
With everything else equal, hierarchical structure is preferred. However, we need to consider the other aspects such as blocking as well.

	Interdigital
	For the first question, we prefer the first option.
For the second question, we prefer the hierarchical approach. However, similar to Docomo’s comment, we think it should be confirmed that low PDCCH blocking probability is achievable.

	Mitsubishi
	For the first question, our thinking is that the UE uses one of many RS sequences and EPDCCH-like approach is taken.
For the second question, we prefer a hierarchical scheme.

	AT&T
	We support Hierarchical structure for a better channel estimation.
Also, the DMRS pattern/density of control channel should be adaptive. High velocity user should be configured with higher density of DMRS. 

	Huawei
	The RS sequences of control channel is related to common or UE specific search spaces, as agreed in the RAN1 87 meeting, “The reference signals in at least one search space do not depend on the RNTI or UE-identity” and “In an additional search space, reference signals can be configured, FFS: explicitly or implicitly”. Generally the RS sequences for UE specific search spaces can be RRC configured, but for common search space, the RS sequences may need to tie with cell ID. Whether to introduce OCC in the single-stage PDCCH for MU-MIMO or in two-stage DL control for RS sharing with the data, further study is needed. 
The ‘hierarchical’ structure can be beneficial to reduce the total number of channel estimates thus to facilitate blind detection. However, it is straightforward to see such structure will potentially increase the blocking probability. This structure can be considered if comparable block probability can be achieved with that of LTE PDCCH. 

	vivo
	Refer to R1-1700277, we propose the followings,
For NR-PDCCH on in-band control resource set, i.e. NR-PDSCH transmission scheme dependent
· The configuration of the RS is as the same as NR-PDSCH
For NR-PDCCH on out-band control resource set, i.e., NR-PDSCH transmission scheme independent
· The RS could be used for TxD or Beamforming. Both DCI and higher layer signaling could be considered as candidates
Finally, hierarchical could be considered as one possibility. 

	ETRI
	Whether scrambling of UE-specific RS is tied to a UE-ID or is RRC configurable would depend on RS pattern and multiplexing scheme which is not clear at this stage. LTE VCID like approach may be needed if CDM is applied.
We also prefer a hierarchical structure. The channel estimate can be shared by multiple control channel candidates with same/different aggregation levels to reduce the complexity and RS overhead.



Duration of control resource set
There are one or more PDCCH candidates in a control resource set (CORESET), occupying the first OFDM symbol(s) in a slot.
· Is the number of OFDM symbols in a control resource set semi-statically configured or dynamically varying?
· If it is dynamically varying, is there some form of explicit indication of the duration (in LTE the PCFICH is used for this purpose) or is the duration blindly detected)?
· Can the DM-RS for the data dynamically move in time (e.g. always in the first OFDM symbol after a dynamically varying number of OFDM symbols for control signaling) or are the location fixed from slot to slot (either through a semi-static duration of the control resource set or through a fixed location)?

Outcome: Arguments for both dynamic as well as semi-static duration of the control resource set were given, with a slight majority preferring a semi-static duration of the control resource set. It was also pointed out that the start of the data transmission can be dynamic irrespective of the duration of the control resource set. Regarding the location of the reference signals, a majority of companies seems to prefer the DM-RS location for data not to move around dynamically from slot to slot.
Proposal: 
· Adopt a semi-static duration of the control resource set, considering the possibility for data to dynamically reuse unused parts of the (OFDM symbols occupied by the) control resource set.
· The data DM-RS location does not vary dynamically from slot to slot.

	Company
	Comment

	Samsung
	In order to avoid material spectral efficiency loss compared to LTE (and in general), the number of OFDM symbols in a control resource set should be dynamic.
Although blind detection of the control resource set duration is possible, explicit signaling is preferable in order to reduce the average number of blind decoding operations. This is the only realistic way to reduce UE power consumption relative to LTE (for sub-6 GHz) as we do not think meaningful BW reduction for the control resource setcan be realized at sub-6 GHz (it may actually be counter-productive for power savings if it results to more OFDM symbols for the control resource set).
We’re open to having the DM-RS location for data (and for control) as fixed or semi-statically configured pending some further discussion.

	Panasonic
	- The number of OFDM symbols in a control set is set by one of two configurations. One is to use PCFICH like signalling. The other is semi-statically configured. The semi-statically configuration is used when PCFICH like signalling is difficult to receive it like eICIC like operation or very deep coverage extension.
- One operation is explicit indication by PCFICH like signalling. The other operation is blindly detected but this is limited to small number of control symbol cases.
- DM-RS for the data dynamically move in time.

	Ericsson
	Semi-static configuration of the control resource set is sufficient, the RAN1#87 agreement “NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain” enables the flexibility needed to obtain good spectral efficiency.
We prefer to keep the location of the data DM-RS fixed (e.g. semi-static configuration) and not dynamically varying across slots.

	ZTE
	Our previous agreement on control resource set is in frequency. For us, control resource set for each UE may not start from first OFDM symbol, if UE need to use different beam.
Example: when the eNB only have 1 analog beam, it will be 1st symbol for a UE and 2nd symbol for another UE.
A control resource set can be configured with certain number of OFDM symbols. A subset should be defined even on top of the control resource set to enable multi-beam operation.
We agree that OFDM symbols for control resource are Semi-statically configured. For default operation, control resource started from 1st OFDM symbol.
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]We prefer DM-RS for data will related with the semi-static control region.

	Qualcomm
	For the PDSCH DMRS location, we believe it should at least not float with the number of control OFDM symbol used in a slot. The general question about if the PDSCH DMRS is fixed or not is also affected by other design decisions, such as slot structures to be supported, including the use case of dynamic TDD, and needs further study to answer.
For the number of control OFDM symbols, we prefer to have semi-static configuration with either 1 or 2 symbols, instead of dynamic configuration. As a result, there is no need for dynamic explicit signaling similar to PCFICH in LTE.

	OPPO
	We feel the number of OFDM symbols in a control resource set could be dynamically varying as this would match the behavior of LTE at lower frequency. At higher frequency, even if the PDCCH capacity could be more stable for certain scenarios, keep it varying dynamically would make the design more flexible.
We prefer to have explicit indication to indicate such dynamic varying of OFDM symbols similar as that of PCFICH in LTE. Certainly this could be broadcasted in some other common channels along with other common information.
With dynamic varying time duration of the control resource set, we prefer to have DM-RS for the data still transmitted in the first symbol after the PDCCH region and dynamically move in time. We do not see this imposing severe interference on either DMRS or data across neighbouring cell/beams similar as in LTE. When joint transmssion is required among neighbouring cells/beams, the serving cell should coordinate the duration of control region as well as the DMRS symbol for data. 

	LG
	- In order to increase the system flexibility, the number of OFDM symbols for the control channel might be varied dynamically. If it is supported, explicit indication can be considered. 
- Regarding the position of DMRS for the data, further studies are needed. It might be desirable to use the fixed position considering channel estimation complexity and ICIC, but there may be some issues to support the fixed position on some scenarios. (e.g., 1 symbol transmission, LTE-NR coexistence, and unlicensed band operation)

	Intel
	The time domain span of a control resource set is either configured by MIB/SIB or by UE-specific RRC signaling. NR should support dynamic reuse of at least part of the resources in the control resource sets for data for the same or a different UE. The DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data. The time granularity of the resource reuse is FFS between OFDM symbol granularity or binary between OFDM symbol #0 and a RRC configured value. Indication is by DCI. The frequency granularity of the resource reuse is FFS between minimum frequency domain scheduling granularity of PDSCH and rate matching around control resource set in frequency domain. RE-level rate matching around PDCCH resources is not required.

	NTT DOCOMO
	The number of OFDM symbols for a control resource set can be semi-statically configured. The issue is not about the duration of a control resource set; it is whether the starting symbol of a data in a slot can dynamically be adjusted for better resource utilization. We consider that the starting position of a data scheduled by a DCI in a control resource set should be able to vary dynamically. This should be applicable for both data scheduled over a slot and data scheduled over a mini-slot.
A scheduling DCI and the corresponding scheduled data should be able to be multiplexed in FDM and TDM manner. For spectral efficiency point of view, allowing FDM is essential. From better processing timeline (and buffer management) viewpoint, TDM is beneficial. For TDM case (non-FDM case), semi-statically fixed data starting position is undesirable and hence, the data starting position should be determined dynamically. Specifying new channel only for the indication is not desirable. So, implicit determination or explicit indication by the scheduling DCI could be baseline.
Regarding the DMRS of data, it can be shifted depending on which symbol the data starts from. If it is desirable to fix the DMRS position, the scheduler should fix the starting position of data.

	CATT
	Regarding indication of the number of control symbols, we don’t think it is the same situation as in LTE for two reasons: the data assignment can reuse some of the control resources and this should be indicated to the UE. Secondly, we believe that control resource sets are not necessarily front-loaded in a slot e.g. control resource sets may be distributed in a slot at mini-slot-level granularity. So our initial preference is semi-static configuration.
For the data DMRS, a fixed base pattern and location can initially be assumed.  But if a base pattern assumes a certain number of OFDM symbols for the control region, and if the data assignment reuses some of the control resources, e.g. starts from the first symbol of the slot, it may be beneficial, depending on mobility, to consider additional DMRS positions say at the beginning of the slot.

	MediaTek
	· Our view is the number of OFDM symbols in a control resource set can be varying dynamically to increase the scheduling flexibility if the overhead of the ‘number of OFDM symbols’ indication is not unacceptable. The dynamic indication is needed to avoid increasing UE blind detection complexity. The indication can be put in a PCFICH-like signal or the common search space of the DL control channel. 
· The location of DMRS for data is fixed from slot to slot considering the complexity of channel estimation and inter-cell interference management.   

	Nokia, ASB
	Semi-static configuration on the number of OFDM symbols in a control resource set can be the starting point. But the starting position of PDSCH transmission can be dynamically changed, e.g. via indication in DCI.
We are open to consider fixed or semi-statically configured DMRS location for data, but this decision need to be made together with other aspects.

	Interdigital
	Semi-static configuration of number of control OFDM symbols is preferred. 
We think DMRS of data can be shifted depending on the starting symbol of the data. 

	Mitsubishi
	We think that the number of OFDM symbols is dynamically varied for better efficient resource usage. In this case, it is explicitly indicated by PCFICH-like signalling to avoid processing load for blind detection.

	AT&T
	The number of OFDM symbols in a control resource set should be dynamic
PCFICH like signaling is needed. In addition, such PCFICH signal can further indicate the MCS and RS density of the control channel (see our answers in DMRS section)

	Huawei
	[bookmark: OLE_LINK80][bookmark: OLE_LINK81]The number of OFDM symbols in a control resource set can at least be semi-statically configured by RRC signaling. Reuse of control symbols by data should be allowed. 

The DMRS for data are “front-loaded”, so the DMRS for data may be placed in the first symbol occupied by the data. Note that this should be understood on a PRB (or PRG) basis, since it is also agreed that data can reuse the PRBs of the control region that are not used by control. However in this case, it might be beneficial to place the DMRS for data in just one OFDM symbol for all the PRBs of the scheduled resource, in which case the DMRS for data could be outside the control region even if some data is mapped within the control region, for example all DMRS could be placed in the second or third OFDM symbol of a PRB allocated for data.

	vivo
	Keeping the number of OFDM symbols in a control resource set semi-statically configured is preferred. 
The position of DM-RS for data shall at least be cell/duplex/slot index-agnostic. Keeping the fixed position is preferred. ICIC and uplink/downlink interference avoidance/cancellation may be beneficial from such design for future proof.

	ETRI
	DL control region should dynamically adapt to the amount of control and data traffic slot-by-slot. Since we have already agreed that data can reuse a part of control resources, this approach can alternate the PCFICH-like signaling to indicate the control resource set duration. Both TDM and FDM manner for the control resource reuse should be supported, both of which can be handled e.g. by the indication of the starting symbol of scheduled DL data channel.
Basically DMRS position in time can vary dynamically depending on the data starting position, but it is good to study further to see the benefit of DMRS position alignment in time.



DCI content
The content of downlink scheduling grants and uplink scheduling assignments clearly depend on many other features currently under discussion. However, it would be good to get some rough understanding on the content. Some fields are probably obvious, e.g. UE-identity, resource allocation, MCS, transport-block size, and hybrid-ARQ parameters, while others require more discussions. See (and update) the excel sheet below.



Proposal: 
· It is too early to fill in all details in the excel sheet, but keep it as a starting point for future discussions.

	Company
	Comment

	OPPO
	We feel the resource allocation may need to consider some time domian information such as starting/end symbol and/or duration. This is because different PRB for PDSCH may have different time domain configuration due to reasons such as w/o PDCCH region, cross-slot scheduling, scheduling with different SCS, UL PUSCH conflict overlapping with short format etc. It may be desriable to have some unified indication to specify the time location/duration of PDSCH resource in additon to the frequency one. 

	CATT
	The fields in the spreadsheet are a good starting point. Other fields can be populated after more progress on the overall design.

	AT&T
	The following should be considered: 
MIMO layers and DMRS information. 
Layer-CW mapping pattern (To support the scenario where different layers/CW are from different TRP)


	Huawei: 

	it is premature to discuss this part, if needed, the DCI formats of LTE can be used as a starting point. We would like to note that for NR the resource allocation field may need to consider the time-domain in addition to the RBs (assuming here that RBs refer only to frequency domain).



Two-stage DCI design
A one-stage DCI design, where a complete DCI message is coded and transmitted on a PDCCH, has been agreed for NR. There have also been proposals on a complementary two-stage design where the DCI is split into two parts (e.g. time-critical and less time-critical, either from a gNB or UE perspective), each of which is coded and transmitted separately. The second part can, for example, be located in the OFDM symbol following the first one or in some parts of the resources scheduled for downlink data transmission.
· Should a two-stage design be part of the first release of NR? If so, what information should in the respective part and what are the benefits?

Outcome: There were approximately the same number of companies expressing the view that a two-stage design to be part of the first release of NR as those with the opposite view. Among the proponents of two-stage design, there seems not yet to be a common view what to include in the second stage.
Proposal: 
· Further discussions are needed if a two-stage DCI design should be part of the first NR release in addition to the already agreed inclusion of a single-stage DCI design.

	Company
	Comment

	Samsung
	Atwo-stage DCI design requires further analysis and exact evaluationsfor associated trade-offs. A single design is not generally applicable in all scenarios. We think it will not compromise NR operation if it is not included in the first NR release.

	Panasonic
	We see the first stage is PCFICH like signalling and the second stage is UE specific DCI. 
To split UE specific DCI to two parts may be beneficial if DCI size is too large and some information is not time critical. The decision can be later when DCI contents are clearer.

	Ericsson
	Single stage DCI should be the baseline (i.e. one DCI message is coded in one block and transmitted on one control channel), we see no need for a two-stage DCi design at this stage.

	ZTE
	We can consider a simple second stage design to consider:
1. Timing of feedback carried in PDSCH.
2. Pre-scheduling information to facility processing time.
3. Fast and slow changing information. The fast changing information can be included into second stage.
4. Different level of information. Second stage can contain some non-critical information like power control.

	Qualcomm
	A two-stage DCI design is helpful for single HARQ interlace operation with back-to-back scheduling in NR. In addition to that, a flavor of two-stage DCI design where the second stage of the DCI is offloaded to PDSCH is useful for control overhead offloading. Therefore, we believe the two-stage DCI design should be included in the first phase of NR as well.

	OPPO
	We do not have strong preference at this stage, maybe  it could be introduced in later releases of NR

	LG
	Though there are some cases where two-stage design would be beneficial, our general preference is to focus on single-stage design in Phase I.  

	Intel
	We think two-stage control shall be part of the first release of NR. The two stage control can be key component in achieving the first release NR features. Also, two-stage control could be beneficial in improving NR system performance, e.g., reducing UE power consumption, reducing control overhead, etc. 
The first stage control shall be designed with a limited number of formats and confined with limited search space to minimize blind detection and save UE power. Contents of the first stage control could include information on resource scheduling, antenna port, reference signal configuration for interference measurement in advance of data transmission, basic MCS. Contents of the second stage control could include the rest of the control information including MCS (or delta MCS), HARQ process number, RV, power control command, etc.  

	NTT DOCOMO
	We are open to two-stage DCI. However, if PCFICH-like channel will be identified to be necessary, it is better to merge the function(s) of the PCFICH-like signal into the first-stage DCI of the two-stage DCI.

	CATT
	A 2-part design is beneficial for forward compatibility and potentially reduces the number of blind decodes. In contrast to other views on 2-stage design, which essentially translate to two NR-PDCCHs, the two parts can be separately encoded, concatenated and transmitted in one NR-PDCCH. The first part contains some common fields and also provides an indication of how to interpret the second (extension) part (more discussion in R1-1700190). This would enable some future-proofing of DCI design and seamlessly falls back to a 1-part design if the extension part is not present simply by a change of DCI format. 

	MediaTek
	One-stage and two-stage DCI are quite different in DCI contents and control structure design. We think two-stage DCI should be used in the first release of NR if we see its benefits. Otherwise, including it into the second release along with one-stage would make the spec unnecessarily complicated.  
The first stage DCI carries the information of resource allocation for data, configuration of the second stage DCI (e.g. size, modulation order, etc.), scheduling identification (e.g. RNTI in LTE). The second stage DCI carries the information of transmission scheme for data, e.g. modulation order, code rate, multi-antenna schemes, and applied dedicated pilots, etc.

	Nokia, ASB
	Single-stage DCI should be the baseline, and we do not see the need for two-stage DCI in Phase I. Two-stage DCI can be introduced later if the benefit is justified.

	Interdigital
	We think that 2-stage DCI should be supported for Phase I mainly for transmissions of short duration (such as for URLLC) for which provision of full control information for every transmission would result in excessive overhead. When transmissions have longer duration 1-stage DCI may be sufficient.

	AT&T
	We see two-stage DCI framework is important to be supported in the first release of NR. 2-part design is beneficial for forward compatibility. In our view, the first part of DCI only includes resource allocation information (very compact), and the second part of DCI is embedded in the PDSCH allocated by the first part of DCI. See our contribution R1-1700319

	Huawei
	A two-stage design is a basic framework of control channel and should be designed in the first release of NR, especially from forward compatibility point of view. As analyzed in R1-1700012, the two-stage downlink control structure has benefits over single-stage downlink control channel at least for blind detection reduction, control resource overhead minimization, DCI design for forward compatibility, link adaptation and scheduling gain, as follows: 

As an example, the two-stage DL control channel has the following structure: 
· A first-step DL control channel located at the beginning (e.g. the first one or a few symbols) of a slot, which can use the same or different control resource set(s) configured for single-stage DCI.
· A second-step DL control channel scheduled in the PDSCH region where the resource of PDSCH region is indicated in the first-step DL control channel.


	vivo
	A two-stage DCI would be benefit for NR. Two possible benefit would be (refer to R1-1700277),
· UE battery saving via decreasing/increasing continuously detection and reception dynamically
· Solve TCP slow start problem while keeping UE reception as less as possible

	ETRI
	Currently we do not have a strong preference on two-stage DCI. However it is preferred to be jointly discussed in Phase I since it may impact the overall DCI design and blind decoding complexity. If we cannot conclude on the support of two-stage DCI in Phase I, at least forward compatible design can be considered.



’PCFICH-like’ channel
In addition to the PDCCH, used for scheduling assignments/grants, there has been proposals on various ‘broadcasted’ or ‘PCFICH-like’ channels. If such a channel will be part of NR is not yet decided and there have been various proposals on the content, e.g. dynamic indication of the number of OFDM symbols in the control resource set, whether the slot is uplink or downlink, etc. Depending on the content and usage of such a channel, it may be necessary for the UEs to receive if properly prior to processing the PDCCH (this is the case for the PCFICH in LTE), it may be beneficial to receive it also in neighboring cells (which influences the operating point), etc.
· Is there a need for such a channel? If so, what is the content envisioned?
· Must it be received by all scheduled UEs to receive a PDCCH? What happens if a UE (scheduled or non-scheduled) does not receive the ‘PCFICH-like’ channel(s)?
· Must it be received by all non-scheduled UEs? If so, how can this be handled in a system using analog beamforming (e.g. in mm-wave)?
· What are the approximate reliability requirements? More reliable than the PDCCH or not?
Outcome: A large majority of the companies saw the need for a ‘common PDCCH’ (also known as ‘PCFICH-like’ channel, ‘UE-group common control channel, or ‘PSFICH’). Several companies also pointed out that a UE should be able to receive PDCCH also in case the ‘common PDCCH’ is missed. However, there were disparate views of whether the channel was primarily for scheduled or non-scheduled UEs and what the content of the channel should be.
Proposal: 
· Adopt a ‘common PDCCH’ for NR under the assumption that a missed ‘common PDCCH’ for a UE does not have a detrimental effect on reception of PDCCH/PDSCH for the same UE. 
· Continue the discussion on the exact content of the ‘common PDCCH’.

	Company
	Comment

	Samsung
	A UE-group common control channel (not a “PCFICH-like” channel) is needed to provide information about the slot structure, the control resource set duration, opportunities for CSI-RS measurement, SRS/SR transmission, etc. Transmission may not be needed in every slot (up to the NW).
Non-scheduled UEs need to detect the UE-group common control channel at least in order to know whether they can perform preconfigured actions (e.g. receive or transmit periodic/semi-persistent CSI-RS or SRS/CSI report, or SR). It can be generally possible that scheduled UEs do not need to receive information provided by the UE-group common control channel and the relevant information is also included/duplicatedin UE-specific DCI formats– this can be by NW configuration. 
For a system using analog beam-forming, transmission is per beam. There is no fundamental difference between beamformed and non-beamformed operation.
The DCI size can be small (e.g. ~30 bits including CRC). Reliability is not an issue relative to unicast DCI (most UEs in the geometry CDF will experience a much smaller BLER than for unicast NR-PDCCH).

	Panasonic
	-PCFICH like signalling is useful for below 6GHz macro like deployment. The number of UEs in a slot/subframe can be large and each traffic can be small. In such case, to reduce the control channel payload is important. The content can be number of DL symbols in a slot, the search space configuration and so on. Our view is uplink control region is not required to be indicated by PCFICH like signalling as to signal non-scheduled UE requires more coverage and/or power. 
PCFICH like signalling is not used for coverage extension case and above 6GHz analogue beam forming case.
- PCFICH like signalling is configured in a subcell (i.e. a group of UEs in a cell with similar property). Subcell can be semi-statically configurable to be one of the following. 1) not to use PCFICH like signalling. 2) PCFICH like signalling indicates both time/frequency of data and control resource. 3)PCFICH like signalling indicates time of data and control resource. Having CRC can improve the performance especially related to DRX detection. gNB can send PCFICH like signalling only in case PDSCH of UEs in a group linked to the PCFICH are allocated
- Non-scheduled UEs are not necessary to receive PCFICH like signalling. 
- From BLER perspective, same reliability with PDCCH is sufficient for PCFICH like signalling. On the other hand, if PCFICH like signalling is required to be received by non-scheduled UEs, PCFICH like signalling needs to be transmitted even cell edge of poor fading condition. This should be avoided. 

	Ericsson
	We do not see a clear need for such a channel. However, if such a channel is introduced the overall scheme should not be designed such that a UE must receive this channel prior to be able to receive control and associated data transmission, i.e. the UE should be able to receive downlink data transmissions also if it has missed receiving the group-common/‘PCFICH-like’ channel. Furthermore, if such a channel is introduced, the same design should be applicable to all frequency bands as well as no/analog/digital beamforming.

	ZTE
	For NR TDD, it should be indicated if the slot is uplink or downlink. This is quite important to support efficiently in higher frequency. 
This doesn’t have to be a special channel. It can be some common control in search space.
If UE don’t know the type of slot, it will have no idea to determine the DL data part, UL part and so on. The reliability doesn’t have to be extremely high. It can be indicated to UE to be scheduled. For CSI measuring purpose, it should be indicated to all UEs. 

	Qualcomm
	We believe there is need to support a L1 broadcast control channel. The main use case can be the slot format indicator and/or other indicators providing information about the structure of the slot. It is very useful for unscheduled UEs, but can be useful for scheduled UEs as well. For the scheduled UEs, the broadcast control channel can provide fast delivery of some time-critical information to improve the UE processing timeline. The delivery reliability should be similar to the current PCFICH in LTE.
In system with analog beamforming, the broadcast channel does not need to reach all unscheduled UEs, but needs to reach those that “matters”. For example, when the broadcast channel is delivered with the same analog beam as the data transmission in the slot, it will reach unscheduled UEs that will be interfered or will cause interference to the analog beam used for the data transmission. The behavior of those UEs will depends on the detection of the broadcast channel. On the other hand, for an unscheduled UE that does not see the broadcast channel, it may very likely mean the UE will not see the data beam as well.
It is critical to be able to process the broadcast channel and PDCCH in parallel. In other words, it is not preferred to condition the PDCCH processing on the decoding of the broadcast channel, which will hurt the receiver processing timeline.

	OPPO
	We feel there is a need for such channel to convey some common information to the UE. The content could at least include PDCCH symbols, slot structute such as UL/DL split parameters.
We feel it should be received by all the scheduled UE so that UE could further search for its PDCCH as well as know the start of its PDSCH. If a UE does not receive this channel, it may assume the duration of PDCCH region and do some blind decoding of PDCCH channel.
Depending on the content of this common channel, it may no need to be received by non-scheduled UE. If analog beamforming is used, e.g., on each OFDM symbol, such channel may need to be transmitted on every OFDM symbols in control region if there are UE are scheduled in each beam so that all UEs under different beam coverage  (with its PDCCH transmitted on different symbols) could all obtain this information
This channel should be very reliable and more reliable than PDCCH, at least with the same reliability as PCFICH in LTE

	LG
	We see some potential cases where common indication could be beneficial – e.g., indication of slot type, indication of control region size, etc. To avoid always-on signal, the common indication can be transmitted periodically or aperiodically. The information can be transmitted via a control channel rather than an individual signal to allow flexibility. Also, to address different UE bandwidths and different use cases, the common indication is transmitted in a UE-group control channel rather than a cell-common control channel. 

	Intel
	We think NR shall define a common control channel with broadcasting type transmission. The main purpose of the common control channel can include: to reduce control overhead, to reduce UE power consumption. The common control channel shall carry information common to UEs in a cell, such as DL/UL indication, slot type/structure. The common control channel can be received by scheduled UEs at similar reliability with the PDCCH. The common control channel may not need to be received by the non-scheduled UEs especially in systems using analog beamforming. A UE can be configured (e.g., via RRC) on its action upon failure in receiving the common control channel, e.g., the UE can continue to attempt to decode PDCCH

	NTT DOCOMO
	Agree with Samsung that UE-group common control signalingwill be useful to enable broadcasting control information without increasing overhead for some specific use-cases. However, it is not necessarily the specific PCFICH-like channel. 

	CATT
	We see clear benefits in a common/group control channel at least for indicating the slot structure. A small payload size should be supported to improve reliability.
The case of analog beamforming is not specific to this channel. If the control region in a slot only uses a specific analog beam then a UE not in that DL beam cannot also detect any signal or channel. Therefore, the transmission of this channel may be beam-specific for the group of UEs in one beam. Fallback procedures may be considered if a UE does not detect this common channel.
The reliability requirement compared to NR-PDCCH can be similar to the relative requirements between LTE PDCCH and PCFICH or it can be same as NR-PDCCH. 

	MediaTek
	· We think there is a need for PCFICH-like channel. The contents can be slot type indication, the number of OFDM symbols in a control resource set, other information about the slot, etc.
· Based on the contents of the channel listed above, this channel must be received by scheduled UE.
· It is not necessary for non-scheduled UE to receive the channel especially when analog beamforming is used. 
· Correct UE operation relies on correct reception of both PDCCH and the PCFICH-like channel. However, the PCFICH-like channel is broadcasted, and PDCCH may be UE specific. It is more resource efficient to have the reliability of PDFICH-like channel higher than PDCCH.

	Nokia, ASB
	We see the benefit of a broadcast control channel to signal e.g. the slot structure for the purpose of periodic CSI measurement and SRS transmission. But it is preferable that such a channel is not mandatory and can be transmitted only when needed. This means that the system should be able to work properly without having this signal.

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


	Mitsubishi
	PCFICH-like channel is useful at least for indication of the number of OFDM symbols of control part in a slot.

	AT&T
	We see the benefit of a PCFICH-like channel to broadcast the format of PDCCH. PCFICH shall include the location of PDCCH regions (# of OFDM symbols and which PRB) as well as the MCS level of each PDCCH region. Another benefit for having PCFICH-like signal is to reduce the UE blind decoding effort when it is configured for mini-slot scheduling. In each mini-slot, UE can quickly detect the presence of PCFICH-like channel, if not detected, UE can save its effort to perform blind decoding on PDCCH. 
PCFICH must be received by all scheduled and non-scheduled UE. And if UE didn’t detect PCFICH, UE shall considered the blockage happened. In such case, UE may trigger beam recovery mechanism. 
PCFICH should be more reliable than the PDCCH

	Huawei
	There is a need to introduce a PCFICH-like control channel to indicate slot type of each slot. The motivation mainly comes from the following aspects:
· For supporting uplink grant free transmission, where a UE needs to transmit its uplink data within pre-configured resources. This requires that the UE has the prior knowledge of the slot type; otherwise, the UE may transmit its uplink data within a downlink slot, which will cause severe interference to other UEs’ downlink reception.
· It helps to know the DCI monitoring occasions for reduction of the UE power consumption. With the prior knowledge of the slot type, a UE can be aware of the locations and types of downlink slots, e.g., the slot indices and the number of downlink OFDM symbols in each slot.
· It is also helpful to confirm the preconfigured transmission, e.g. periodic signals for downlink and uplink.

The PCFICH-like channel with slot type information is expected to be received by scheduled or non-scheduled UEs, and the performance is more robust than PDCCH channels as in LTE. The impact can be further studied if a UE does not receive the ‘PCFICH-like’ channel.

For a system using analog beam-forming, beam-sweeping can be used as agreed for NR-PSS/SSS and NR-PBCH, and maybe self-contained RS is needed to enable “PCFICH-like” control channel reception/detection.

	vivo
	Definition of PCFICH-like broadcast channel shall be FFS. Scheduled UEs can fast decode some time-critical information. It is also important to non-scheduled UEs, both UEs in serving cell and neighboring cell(s). However, it may not be MUST for those UEs to handle. The use case for such PCFICH-like broadcast channel would be to know the slot structure. Also, for UEs in neighboring cell(s), it would also be beneficial for UL/DL interference awareness. Thus, sequence-based detection of PCFICH-like broadcast channel is preferred.

	ETRI
	We think the PCFICH-like channel is beneficial at least to broadcast the slot structure in below 6GHz. Another possibility is NR-PDCCH accommodates the broadcast control information, but this approach requires a certain level of blind detection and limits the potential applicability to idle UEs. In above 6GHz, non-scheduled UEs may be difficult to receive the common control channel. Further study is needed in the beamformed case to have a consistent solution.



Other
Any additional comment or views on downlink control signaling?

	Company
	Comment

	Samsung
	Need to conclude on support of SU-MIMO, modulation schemes, and TxD in order to proceed with the search space design.

	ZTE
	We also think the TxD order should be determined to help further progress.

	LG
	Before discussing on RS sequence, we may need to agree on support of MU-MIMO, DPS, SU-MIMO, TxD scheme, etc as suggested by Samsung as well. 

	Huawei
	Control information for a scheduling unit (slot/mini-slot) can be transmitted jointly with data information on the same channel resources using superposition. This approach permits to transmit control information over a larger bandwidth thereby obtaining higher frequency diversity. Having more channel resources for control information results in increased spectral efficiency and guarantees lower blocking probability compared to orthogonal multiplexing of control and data information.

	vivo
	Similar TxD scheme to LTE shall be supported in NR for better reliability NR-PDCCH reception
NR UE supports in-band control resource set(s) which depend on NR-PDSCH transmission scheme and/or out-band control resource set(s) which does NOT depend on NR-PDSCH transmission scheme. (refer to R1-1700277)

	ETRI
	We feel it is generally considered that NR can have at least two types of search space, e.g., common or UE-group common search space and UE-specific search space. However, we may need to study how much the LTE-like classification helps in NR, e.g., with respect to decoding complexity and blocking probability.
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Microsoft Excel Worksheet
DL assignment

		Field		Usage		Proponent

		UE identity (e.g. RNTI)

		Resource allocation		The set of RBs to use for reception

		MCS

		Transport-block size

		Hybrid-ARQ process

		New-data indicatior		In essence a 1-bit sequence number, used to handle clearing of the soft buffer

		Timing HARQ ACK		When to transmit the ACK in UL





UL grant

		Field		Usage		Proponent

		UE identity (e.g. RNTI)

		Resource allocation		The set of RBs to use for transmission

		MCS

		Transport-block size

		Hybrid-ARQ process

		New-data indicatior		In essence a 1-bit sequence number, used to indicate retransmisison or new data for a certain HARQ process

		Transmission timing		When to tranmit the UL data






