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1. Introduction
In previous RAN1 meeting, agreements related to search space and CORESET were made as follows;
	Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s).

Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise.
· This replaces the past working assumption linking DMRS position to bandwidth X.

Agreements:
· Supported aggregation levels for NR-PDCCH are at least 1,2,4,8.
· FFS 16 and 32 aggregation levels and also other numbers.

Agreements:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates.
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following
· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately

Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X


In this contribution, we discuss CORESET configuration, nested structure and multi-beam operation for NR-PDCCH.

2. Discussions 
2.1. CORESET configuration
CORESET configured by UE-specific signaling 
The time/frequency resource of a CORESET can be obtained from initial access procedure (e.g., PBCH and/or SI) or UE-specific higher-layer signaling. According to the previous agreements, some contents (e.g., time/frequency resources, transmission type) are configured for UE-specific CORESET. In addition to those contents, followings can be considered as the CORESET configuration; RS configuration and search space configuration. In NR, a UE can receive control information and data from multiple TRPs. When the control information is transmitted from multiple TRPs, it is desirable to configure different CORESET for each TRP. For example, multiple CORESETs are configured for multiple TRPs, then CORESET-specific scrambling parameter associated with each TRP can be configured for handling multiple TRPs. In addition, it was agreed that non-orthogonal MU-MIMO is supported for NR-PDCCH. In order to differentiate each UE included in a same MU-MIMO pair, UE-specific RS scrambling parameter can be configured for the CORESET. Therefore, we propose that CORESET-specific RS scrambling sequence (e.g., using virtual cell ID) is configured to each UE for DPS and/or MU-MIMO operation. Regarding the MU-MIMO, orthogonal DMRS can provide benefits in terms of channel estimation and interference cancellation. So, if MU-MIMO using orthogonal DMRS is introduced, then information about RS port could be configured additionally. For flexible operation, each CORESET can have different properties for achieving different purpose, and it means search spaces included in different CORESETs also have own configuration. For example, aggregation levels and the number of candidates for each aggregation level can be configured to each CORESET. In addition, the type of search space (e.g., CSS, USS, or CSS & USS) which is assumed by a UE can be configured CORESET-specifically.
Proposal 1: The information relating RS and search space are configured for UE-specific CORESET.

CORESET configured by initial access procedure
A CORESET indicated by initial access procedure is configured cell-specifically, and it can be used to deliver DCIs related to RMSI, RAR etc. In this contribution, this CORESET called as a common CORESET or RMSI CORESET. The configuration of the common CORESET is set by PBCH, so the configuration should be minimized to decrease PBCH overhead. Followings can be considered as common CORESET configuration which is at least used for RMSI scheduling; 
· Bandwidth 
· If configurability is supported, only a few values of bandwidth are supported such as same as SS block, same as UE minimum BW, half of UE minimum bandwidth, twice of SS block. (~2 bits) In order to decrease signaling overhead, CORESET bandwidth can be configured with CORESET duration jointly, for example, gNB can configure one of the combinations (e.g., (96 RB BW with 1symbol), (48 RBs with 2 symbol)) using 1 bit signaling. 
· Frequency location (~ x bits)
· In general, our view is that each SS block accessed at initial access procedure has the associated RMSI as the information about common PRB indexing is given by RMSI by the offset between SS block and PRB 0. If RMSI is shared by multiple SS blocks, this becomes somewhat complicated. In that sense, we propose that each RMSI is associated with one SS block. If this is assumed, a few entries of offset value from SS block may be considered. For example, if TDM is used, the same center between RMSI CORESET and SS block can be one value. If FDM is used, whether RMSI is lower frequency or higher frequency compared to SS block can be indicated. To minimize the overhead, unless, the gap between SS block and RMSI CORESET is necessary, we propose that RMSI CORESET and SS block are located adjacently in frequency domain when FDM is used.
· Starting symbol in time domain 
· As one or two SS blocks can be included in one slot, starting symbols of CORESET associated with each SS block could be configured. In LTE-NR coexistence case, starting symbol of common CORESET needs to be adjusted depending on LTE PDCCH region size. In that sense, some information about starting symbol in time domain could be necessary. To minimize the overhead, we propose to jointly signal this with other information such as starting symbol for LTE-NR coexistence and the numerology used in RMSI transmission.
· Monitoring periodicity 
· Monitoring periodicity of common CORESET can be fixed such as 5ms (i.e., period of SS block transmission), 20ms, 80ms (i.e., PBCH TTI). The monitoring interval of RMSI can be set by subset of monitoring set of common CORESET if RMSI CORESET also includes other control information (e.g., RAR/Msg4/etc). It means DCIs related to RMSI and other information (e.g., MSG2/4, RAR, etc) can share the same CORESET, but can have different monitoring periodicity.
· If the configurability is needed, periodicity of common CORESET monitoring is configured. (~2 or 3 bits)
· RS information (scrambling sequence)
· Assumed to be based on cell ID
· REG bundling size, REG bundle set size
· Fixed, for example, 2 (or 6) 
· BD configuration
· Minimum number of BDs are assumed for RMSI CORESET which is the minimum number of BDs supported by UEs. 
Proposal 2: For a common CORESET which is configured by PBCH, the information related to time/frequency resources could be configured by PBCH, and other information (such as RS information, AL, transmission type, REG bundle (set) size, etc.) could be fixed to decrease PBCH overhead. (More parameters may be added to fixed or configurable contents if agreed.)

2.2. Handling of overlapped CORESETs
[bookmark: _GoBack]A CORESET can be overlapped with different CORESET or SS block within a slot. Regarding the overlap between CORESETs, a candidate of one CORESET can block multiple candidates of another CORESET. A straightforward solution to decrease blocking probability for this case is to align REG bundle boundary and bundle size of each CORESET in frequency. For bundle boundary alignment, a frequency offset to indicate starting point of bundle can be configured CORESET-specifically.  If frequency bundle size is not align between overlapped CORESETs or different transmission type is configured for each CORESET, the REG bundle set based interleaving (proposed in [1]) can be considered for alignment of bundle size. 
Proposal 3: REG bundle set based interleaving is supported for decreasing blocking probability between overlapped CORESETs.

2.3. The number of blind decodes
Regarding the number of blind decodes, in LTE, 44 blind decodings per subframe is defined as the maximum BD capability assuming the processing budget for control channel blind decoding is 1 subframe. In defining UE capability for number of BDs, it is also important to clarify the processing budget for the number of BDs. For example, if the UE needs to support the same slot PUSCH transmission (a.k.a., self-contained scheduling), then the processing time budget for control channel decoding is much smaller than 1 slot. For example, if processing budget for control channel decoding is 1 symbol, a UE may support much lower number of BDs compared to processing budget of 1 slot. 
In this sense, to define maximum number of BDs, we consider the followings are necessary. 
(1) A UE may report its BD capability M assuming a processing time. 
(2) The processing time may be predefined (e.g., K symbols to support self-contained scheduling) or defined by the capability of UE minimum processing time. 
(3) The processing time can be different per numerology
(4) It is assumed that the total number of BDs that the UE supports in a slot would be the same as M or M * floor (14/K). 
The reported value K should be partitioned over multiple CORESETs to support multiple BWPs or TRPs when supported. 
For cell-common CORESETs, it is necessary to determine ‘minimum’ UE BD capability assuming slot based scheduling with a default processing time budget. We consider it could be sufficient to assume 1 slot as processing budget for common CORESET, and define minimum BD counts (e.g., 12) for cell-common CORESETs. Once the network knows UE’s capability, it can configure the number of candidates per each CORESET appropriately. 
Proposal 4: The number of BDs supported by UE can be different per numerology. 
Proposal 5: A UE reports its capability in terms of number of BDs supported based on the processing time budget for control channel decoding.
Proposal 6: For CSS monitoring, the processing time budget for control channel decoding is assumed to be 1 slot. 

2.4. Nested structure

The UE operates the blind decoding to find PDCCH but it is necessary to reduce the process load. With the hierarchical structure, the channel estimation results of some candidates can be reused to decode other control channel candidates of other aggregation levels. On the other hand, however, the hierarchical structure may increase the blocking probability particularly between UEs if their candidate CCEs are overlapped. Thus, blind decoding candidate design should take both into account channel estimation and blocking probability. 

When nested structure is used, before we discuss further details, how to define ALs which constructs candidates in a nested manner needs to be clarified. For that we can consider that multiple ALs configured to the same CORESET with same search space type (e.g., USS) can be assumed for the nested structure. It is assumed that nested structure does not apply among candidates of different search space types (e.g., candidates of USS and candidates of CSS). Furthermore, whether any optimization for nested structure for CSS is needed or not needs further considerations. Moreover, if wideband RS is adopted for CSS, nested structure for CSS may not be necessary. Given that, we focus on USS for now, and assumes that ALs sharing the same CORESET forms candidates in a nested manner. 

Proposal 7: Candidates of ALs for USS configured to the same CORESET are constructed in a nested manner. FFS on CSS.

In LTE PDCCH hashing for candidates, it determines first CCE index to start blind decoding per AL, and searches consecutive m candidates. A simple nested structure would be to determine ‘first CCE index’ based on either highest AL or by higher layer configuration, where the same first CCE index is shared among candidates of different ALs. If this simple approach is adopted, for UEs with the same first CCE index would collide in most candidates. At least, to minimize blocking between candidates of higher AL of one UE and candidates of lower AL of another UE, it is therefore considerable to randomize the candidates of lower AL as long as it does not considerably increase channel estimation load. To support this, we can consider the following two options. 

· Option 1. Search space can be designed as fully nested structure with all AL or partial nested structure where candidates of one or more ALs can be located within candidates of candidates of other (e.g., higher) AL(s). 
In this scheme, for each AL, whether it can determine starting CCE based on its AL or use other AL can be configurable by the network or follows a rule (e.g., AL = 8 or 2 uses its own AL whereas 4 or 1 uses higher AL). The benefit of this approach is that the network can utilize either fully independent hashing per each AL or nested structure based on the configuration. Yet, potential drawback of this approach is that it may increase channel estimation depending on the network configuration. One example of hashing function for an AL which uses Lhigher for its reference AL for starting CCE determination can be as follows. 
Starting CCE index = 
, 
For each AL,  is selected randomly. Random selection value for each AL may be determined based on UE RNTI. 
· Option 2. (Almost) Fully nested structure where candidates of lower ALs are distributed over CCEs of the highest AL.
Another option is to perform ‘random’ hashing within a set of CCEs of the highest AL. In this option, two steps to decide the starting points of lower AL’s candidates is necessary. At the first, CCEs of the highest AL is gathered. In terms of defining highest AL, we can consider (1) highest AL configured to the CORESET with non-zero candidate (2) highest AL supported by the network (e.g., 8) which is fixed (3) configured by the network to use which AL to assume as the highest AL regardless of the CORESET configuration (in this case, higher AL than the highest AL configured to the CORESET can be configured). 
For better flexibility (for example to consider the case where different ALs are configured to different UEs sharing the same CORESET), we propose higher layer configuration of highest AL. Secondly, the every CCE in the highest AL can be the starting point for candidates of lower ALs and the CCE for starting point is randomly chosen. With these starting points, candidates of lower ALs is able to be allocated randomly in the CCEs of highest AL. The hashing function of lower AL is decided according to the concept how the lower AL’s candidates are allocated. For example, if the candidates of lower AL is uniformly distributed in the higher or highest AL’s candidate, the hashing function of lower AL can be defined as follows,
,
,
Proposal 8: To minimize blocking and maximize channel estimation, random distribution of lower AL’s candidates is necessary. To achieve this purpose, each AL’s candidates are distributed among CCEs of the highest AL
One of the advantages of nested search space structure is channel estimation reuse. To maximize this channel estimation reuse, the candidates of search spaces among different ALs should be overlapped as possible as it can. For achieving this advantage, the nested structure can be composed based on the highest AL. However, the case that the resources of highest AL is less than that of lower ALs and it is not enough to cover all lower AL. 
A couple of solutions can be considered. 
· The largest AL whose number of CCEs based on the configured number of candidates can over other ALs can be selected instead of highest AL. For instance, UE is configured 1 candidate of AL8, 3 candidates of AL4 and some candidates of AL 1 and 2. The number of AL8’s candidate is not sufficient to cover all candidates of AL4. Thus, AL4 which covers all the candidates in different ALs is selected. Candidates for AL1 and 2 are formed within CCEs of AL4 by random distribution, and higher AL such as AL 8 will form candidates aligned with Ncce/L and starting CCEs of AL4’s candidates.
· CCEs from the highest AL can be used to determine candidates of an AL which is covered by the CCEs of the highest AL. For an AL whose total required CCEs (e.g., candidate numbers is 6 for AL =2 in case the number of candidate for AL = 8 is 1) is larger than the highest AL’s CCEs, remaining candidates can use CCEs outside of the highest ALs’s. To realize this, two starting CCEs of each AL can be considered where first staring CCE is to form candidates within CCEs of the highest AL, and the second starting is to form remaining candidates outside of the highest AL’s CCEs. 
· Another approach is to configure ‘highest AL’ and the number of candidates of the highest AL which can be different actually monitored ALs in the CORESET. For instance, UE is configured for AL 2 and 4, and there are 1 candidate of AL4 and 3 candidates of AL2. The number of AL4’s candidate is not sufficient to cover all candidates of AL4. In this case, the network can configure AL8 as the highest AL with the number of virtual candidates only for hashing purpose.
Proposal 9: The highest AL for composing nested structure and the highest AL for UE monitoring in the CORESET can be differently configured by higher layer.

2.5. Multi-beam operation for NR-PDCCH
Multi-beam operation 
In order to support robustness against beam blockage on NR-PDCCH transmission, it was agreed that UE can be configured to monitor NR-PDCCH on different beams from gNB. This multi-beam operation can be used for increasing transmission/reception opportunities and achieving beam diversity gain for a NR-PDCCH. 
Regarding the transmission/reception opportunity, a gNB can transmit different narrow beams on different time instances for covering wide area, so transmission/reception opportunity is decreased in terms of each UE which monitors a narrow beam. If multiple Tx beams are configured to a UE and a UE performs blind detection on multiple monitoring sets related to multiple Tx beams, the opportunities for NR-PDCCH reception can be increased from a UE’s perspective and scheduling flexibility can also be increased for the gNB. 
For achieving diversity gain of NR-PDCCH transmission, a gNB can transmit same NR-PDCCH on different Tx beams to increase diversity gain. In this case, a diversity gain can be acquired by repetition with appropriate adaptation of aggregation levels on each Tx beam. A UE may need to know whether multiple NR-PDCCHs can schedule the same data if repetition is used. When diversity gain is considered, repetition of NR-PDSCH across multiple Tx beams can be also considered. Alternatively, best beam among multiple configured Tx beams can be selected by the network for a single NR-PDCCH transmission. 
Depending on the use case, monitoring interval and BD split among multiple Tx beams can be different. For example, if single NR-PDCCH is transmitted via best beam where best beam may be dynamically changed, short monitoring interval and large portion of BDs can be assigned to the best Tx beam. In this case, another Tx beams configured by network could be used for fallback operation, so it is enough to assign long monitoring interval and small portion of BDs. If repetition is used, similar or same monitoring interval and BD splits are considered. 
Proposal 10: NR supports that a NR-PDCCH is transmitted by single Tx beam when multiple Tx beams are configured for monitoring. 
Proposal 11: Repetition of NR-PDCCH over multiple Tx beams are further considered.

Common CORESET for multi-beam operation
In NR, both single beam and multi-beam operations are supported. Regardless of single or multi-beam operation, from a UE perspective, it could be necessary to indicate which resources to monitor for control channel monitoring. Particularly, in case multi-beam is used, the same control channel may be transmitted over multiple occasions from a UE perspective. A UE needs to identify which occasion to monitor common search space among multiple occasions. In multi-beam operation, it is expected that multiple SS blocks are transmitted. After acquiring the best SS block, it is generally desirable to also acquire minimum SIs from the same beam. As agreed by RAN2, in NR, it is expected that information for minimum SI is transmitted by PBCH. In terms of configuration, we can consider three approaches. 
Option 1) PBCH in a SS block can indicate information of RMSI which shares the same beam direction to SS block only. This implies that each PBCH may carry different information on RMSI related configurations. 
Option 2) PBCH in a SS block can indicate a set of resources for RMSI where beam-sweeping may occur 
Option 3) PBCH in a SS block can indicate a CORESET where control channel for minimum SI can be transmitted associated with one or multiple beams
When Option 2 or 3 is used, it is assumed that the same RMSI related information is carried in PBCH. 
Figure 1 shows an example of option 1, each PBCH can inform control resource set associated with the same beam to PBCH. This approach could lead different contents (e.g., different CORESET time/frequency location for each beam direction) in PBCH, and may not allow flexible scheduling of minimum SI transmission as resource for each beam is rather semi-statically fixed. Whereas this approach would reduce UE burden on CSS monitoring as it needs to monitor only the indicated resource for the target beam. 


Figure 1 Indication of control channel for minimum SI (option 1)

Figure 2 shows an example of option 2, PBCH can inform a set of control resource sets for minimum SI reading. A UE can assume that beam sweeping in such configured resource occurs, and read corresponding control/data based on beam index acquired in PSS/SSS/PBCH readings. In terms of CORESET configuration, to minimize the overhead of configuration, it can be assumed that same size of control region is assumed for each beam. Assuming beam sweeping, the control region duration of each beam, total control region size, frequency location can be configured. While this approach offers flexibility and same contents in each PBCH, it can increase UE blind decoding. To reduce UE blind decoding, one approach is to configure implicit mapping between SS block and the configured resource. For example, it may be assumed that CSS for each beam is transmitted sequentially within the total control region, and a UE can infer OFDM symbol(s) where corresponding beam would be transmitted based on beam index from SS block. In other words, implicit mapping between SS block and minimum SI’s control resource for a beam is assumed. Similar relationship is also possible between minimum SI’s control resource (or data resource) and other SI or RAR control resource set. Another drawback of this approach is to configure contiguous control regions to accommodate multiple beams which can also affect data scheduling. 
To overcome Option 1 and 2, another option is to indicate the common resource where minimum SI can be scheduled. However, it is up to the network which beam(s) would be used in the configured resource. A UE can monitor the configured CSS until it can acquire minimum SI. 


Figure 2 Indication of control channel for minimum SI (option 2)
Proposal 12: Indication of common CORESET in PBCH should be compact where indication of multiple CORESETs corresponding to multiple beams may not be appropriate. Consider further between Option 1 and 3 for CORESET configuration for minimum SI. 
· Option 1: Each PBCH configures a CORESET of corresponding beam for minimum SI
· Option 3: Each PBCH configures a CORESET where the network can schedule different beam(s) at different monitoring occasion

Relation between beam information and CORESET configuration
In NR, the number of Tx beams transmitted simultaneously may be considered as one of the gNB capabilities. When a gNB transmit multiple Tx beams on same resources, each beam should be distinguished and impacts by interference from other beams should be minimized for NR-PDCCH reception. For this purpose, multiplexing scheme among Tx beams transmitted simultaneously should be determined, for example, FDM, CDM and SDM (using orthogonal ports) as a orthogonal scheme, and SDM (using non-orthogonal scrambling sequence) as a non-orthogonal scheme can be considered as a multiplexing scheme of Tx beams.
Regarding the Tx beam related information, a UE can report preferred beam list to network based on measurement (e.g., measurement on SS blocks and/or CSI-RS resources configured by gNB for beam management), then the gNB configures multiple information related to Tx beams to each UE considering measurement report from the UE. This Tx beam related configuration may include following contents:
· Monitoring set of the Tx beam
The gNB can configure monitoring set related to each Tx beam or each Tx beam group (if the set of Tx beams with the single Rx beam is measured and reported), and it means that a UE can assume the Tx beam or a Tx beam from the Tx beam group is used on the resource included in monitoring set. Different Tx beam or Tx beam group configuration on different symbols is useful for a single UE or multiple UE to achieve a certain purpose as mentioned in previous section. Therefore, it is desirable to use symbol-level configuration as a time granularity of monitoring set. 
· CORESET configuration
In terms of relationship between Tx beam and CORESET, we can consider overall two approaches. 
(1) Each Tx beam or Tx beam group configuration has CORESETs configurations: if this approach is used, each CORESET is associated with one Tx beam or Tx beam group. Thus, when the Tx beam or Tx beam group which is configured to UE is changed, a set of CORESETs to monitor can be changed as well. 
(2) CORESET and Tx beam configurations are independent where CORESET information may not be changed even if Tx beam or Tx beam group changes. In this case, the linkage between CORESET and Tx beam or Tx beam group can be configured when Tx beam or Tx beam group is changed, though there is no change to CORESET information.
Figure 1 shows an example of different approaches. 
 [image: ]
Figure 1. Relation between BPL and CORESET
In either approach, it is necessary to adjust CORESET configurations when Tx beam or Tx beam group is changed via RRC and/or MAC CE.
Proposal 13: When Tx beam or Tx beam group information is changed, corresponding CORESETs information can be also adjusted either via tightly coupled or loosely coupled configurations between Tx beam(s) and CORESET.

Search space configuration for multi-beam operation 
Each UE can receive UE-specific NR-PDCCH via configured Tx beam(s). So, it is natural to set UE-specific search space (USS) for each Tx beam or Tx beam group. 
The common search space (CSS) is needed for transmitting common information and performing fallback operation. For a CSS, wider coverage compared to USS is required because of the reasons listed below;
· Because common information is monitored by multiple UE, it is not suitable to use narrow beam. In order to avoid repetitive transmission of same information on each Tx beam, common information should be transmitted on wide beam (e.g., it can transmitted on SS block coverage). 
· In NR, the fallback operation for solving ambiguity of beam change should be needed. Therefore, wider beam compared to serving beam is needed for reliable fallback operation.
Therefore, a Tx beam related information for configuring common search space is needed additionally, for example, this Tx beam related information may be a relation between SS block and corresponding Rx beam. To allow sharing resource between CSS and USS, it can be also considered that Tx beam group report includes measurements on Tx beam based on SS block in addition to Tx beam based on CSI-RS. 
Proposal 14: For a multi-beam operation, the USS can be associated with each Tx beam configured by CSI-RS, and the CSS can be associated with each SS block. 
Proposal 15: In Tx beam group measurement and report, consider also Tx beam measurement based on SS block to allow CSS and USS sharing the same time/frequency resource.

Feedback of Tx beam information
In order to use resources efficiently, the PDSCH can be transmitted on serving Tx beam only, even if multiple Tx beams are used for control channel transmission. The serving Tx beam can be derived from the beam management procedure, and additional Tx beams for multiple beam operation of control channel are also derived from that procedure. Using multiple beams for control channel can help to change serving Tx beam dynamically. If a UE succeeds to decode control channel on non-serving Tx beam, then the UE can report which Tx beam is used to decode control channel. The gNB can change serving Tx beam or perform beam management to change serving Tx beam based on the report. Several method can be considered for this reporting. For example, this feedback can be done by using Tx beam-specific ACK/NACK resource, a UE uses different resource for ACK/NACK reporting depending on the Tx beam used to control channel decoding. (It means each Tx beam used for control channel transmission is associated with own ACK/NACK resource.) Another method is that the information of Tx beam (e.g., Tx beam index, CSI-RS port) which is assumed to control channel decoding is included in one ACK/NACK resource. This feedback can inform instantaneous channel status to gNB, and the gNB can select proper Tx beam reflecting channel environment dynamically.
Proposal 16: For the dynamic Tx beam change for PDSCH, a UE can report Tx beam information which is used to control channel transmission/reception.


3. Conclusion
In this contribution, considerations on NR-PDCCH structure are discussed, and followings are proposed;
Proposal 1: The information relating RS and search space are configured for UE-specific CORESET.
Proposal 2: For a common CORESET which is configured by PBCH, the information related to time/frequency resources could be configured by PBCH, and other information (such as RS information, AL, transmission type, REG bundle (set) size, etc.) could be fixed to decrease PBCH overhead. (More parameters may be added to fixed or configurable contents if agreed.)
Proposal 3: REG bundle set based interleaving is supported for decreasing blocking probability between overlapped CORESETs.
Proposal 4: The number of BDs supported by UE can be different per numerology. 
Proposal 5: A UE reports its capability in terms of number of BDs supported based on the processing time budget for control channel decoding.
Proposal 6: For CSS monitoring, the processing time budget for control channel decoding is assumed to be 1 slot. 
Proposal 7: Candidates of ALs for USS configured to the same CORESET are constructed in a nested manner. FFS on CSS.
Proposal 8: To minimize blocking and maximize channel estimation, random distribution of lower AL’s candidates is necessary. To achieve this purpose, each AL’s candidates are distributed among CCEs of the highest AL
Proposal 9: The highest AL for composing nested structure and the highest AL for UE monitoring in the CORESET can be differently configured by higher layer.
Proposal 10: NR supports that a NR-PDCCH is transmitted by single Tx beam when multiple Tx beams are configured for monitoring. 
Proposal 11: Repetition of NR-PDCCH over multiple Tx beams are further considered.
Proposal 12: Indication of common CORESET in PBCH should be compact where indication of multiple CORESETs corresponding to multiple beams may not be appropriate. Consider further between Option 1 and 3 for CORESET configuration for minimum SI. 
· Option 1: Each PBCH configures a CORESET of corresponding beam for minimum SI
· Option 3: Each PBCH configures a CORESET where the network can schedule different beam(s) at different monitoring occasion
Proposal 13: When Tx beam or Tx beam group information is changed, corresponding CORESETs information can be also adjusted either via tightly coupled or loosely coupled configurations between Tx beam(s) and CORESET.
Proposal 14: For a multi-beam operation, the USS can be associated with each Tx beam configured by CSI-RS, and the CSS can be associated with each SS block. 
Proposal 15: In Tx beam group measurement and report, consider also Tx beam measurement based on SS block to allow CSS and USS sharing the same time/frequency resource.
Proposal 16: For the dynamic Tx beam change for PDSCH, a UE can report Tx beam information which is used to control channel transmission/reception.
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