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1. Introduction
In previous RAN1 meetings, agreements related to CORESET were made as follows;
	<RAN1 NR Ad-Hoc (Jan.)>
Agreements:
· A control resource set is defined as a set of REGs under a given numerology

· Control search space includes at least the following properties

· Aggregation level(s)

· Number of decoding candidates for each aggregation level

· The set of CCEs for each decoding candidate

· FFS: if any of the following properties belong to control resource set or control search space

· Transmission/diversity scheme

· CCE to REG mapping

· RS structure

· PRB bundling size

· FFS: if the control resource sets can overlap or not

· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many 

<RAN1 #88>
Agreements:
· Multiple control resource sets can be overlapped in frequency and time for a UE

· A search space in NR is associated with a single control resource set
· The search spaces in different control resources are defined independently

· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces 

Agreements:
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme

· Alt 2: For a given search space, there is only one CCE to REG mapping scheme
<RAN1 #88bis>
Agreements:
· MU-MIMO is supported NR-PDCCH using at least non-orthogonal DMRS.

· FFS: orthogonal DMRS for UE-specific NR-PDCCH
<RAN1 #89>
Agreements:
· In time domain, a CORESET can be configured with one or a set of contiguous OFDM symbols

· The configuration can indicate the starting OFDM symbol and time duration

· A CORESET is configured with only one CCE-to-REG mapping

Working assumptions:
· For a time-duration of a CORESET:

· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs

· FFS: X values

· FFS: Other time duration

· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions
<RAN1 NR Ad-Hoc (June)>
Agreements:

· For a CORESET which is configured by UE-specific higher-layer signaling, at least following are configured.

· Frequency-domain resources, which may or may not be contiguous

· Each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency

· FFS: exact size and number of contiguous parts for a CORESET

· Starting OFDM symbol

· Time duration

· REG bundle size if the configuration is explicit

· Transmission type (i.e., interleaved or non-interleaved)

· More parameters may be added if agreed

· For a CORESET which is configured by UE-specific higher-layer signalling, at least following is configured.

· Monitoring periodicity

· FFS: it is a configuration per CORESET or per one or a set of PDCCH candidates

· FFS: relation with DRX

· FFS: default/fallback value




In this contribution, we discuss CORESET-specific characteristics for flexible operations of NR-PDCCH. 
2. Discussions 
Multiple CORESETs which have different resources and properties are beneficial for flexible operations. In terms of number of CORESETs, at minimum, we consider two CORESETs should be supported. One CORESET can be shared between USS/CSS with distributed CCE-to-REG mapping whereas the other CORESET can be USS-specific with localized or distributed mapping. 

Proposal 1: The number of CORESETs configured to UE can be 1 or 2. FFS on other values. 
2.1. CORESET configuration 
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 agreements of previous meeting, 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 and data from multiple TRPs at the same time. When control can be transmitted from multiple TRPs, it is desirable to configure different CORESET for each TRP. For example, CORESET-specific scrambling parameter associated with each TRP can be configured for handling multiple TRPs. When a UE is configured with multiple TRPs, multiple transmission from multiple CORESETs or dynamic point selection by selecting on CORESET can be supported in NR. In addition, it was agreed that MU-MIMO is supported for NR-PDCCH using at least non-orthogonal DMRS. 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. 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 CORESET 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) can be configured CORESET-specifically.

Proposal 2: The information relating RS and search space type are configured for UE-specific CORESET. 
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 with some restriction 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 COREST 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. If multiple bandwidth values are supported with multiple duration, to minimize the number of states, only a few sets are selected which can cover the supported ALs for RMSI CORESET. 
· If bandwidth is fixed, for example, it can be associated with (48 + α) REGs (which is needed to transmit a AL8 candidate and other information) and time duration of the CORESET. (In this case, the bandwidth can be determined by (the number of REGs/CORESET duration).) 
· Frequency location (~ x bits)

· If RMSI transmission is assumed to be present in every SS block, the CORESET may be assumed to be near associated SS block. A few entries of offset value may be considered. 

· If RMSI can be shared between SS blocks, offset between SS block and RMSI CORESET can be indicated.
· Starting symbol in time domain 
· According to the agreements for initial access procedure, the SS block can have different position. For example, in 7 OS slot with 15kHz subcarrier spacing, the starting symbol of SS block in an even slot is #2, while it is #1 in an odd slot. In addition, if the occupied bandwidth of the network is small (e.g., 5MHz) and CORESET size is large (e.g., 96 REGs), a common CORESET may not be located with SS block in a same slot. To address the case, either starting symbol is always fixed where RMSI CORESET rate match around SS block positions in case the duration is larger than 1 or the slot where RMSI CORESET can be scheduled can be restricted to slots without SS block or with sufficient symbols for CORESET placement (e.g., even slots). Alternatively, for RMSI slot size, it can be assumed that 14 is always used. Our general preference is to define 14 OS slot size only for the simplicity as 7OS can be realized by mini-slot. If 7 OS slot size is defined, it can be restricted to be used with UE-specific data scheduling. In LTE-NR coexistence case, starting of RMSI 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 control overhead, we propose to jointly signal this with other information such as LTE-NR coexistence and the numerology used in RMSI transmission. The following table is the example of information. In LTE-NR coexistence case, it is assumed that RMSI CORESET can be transmitted in MBSFN subframe only to avoid collision with LTE CRS. 
	
	LTE-NR Coexistence
	Numerology

	0
	Starting symbol = 3
	Same as SS block

	1
	Starting symbol = 3
	Twice of SS block

	2
	Starting symbol = 5
	Twice of SS block

	3
	Starting symbol = 1
	Same as SS block

	4
	Starting symbol = 1
	Twice of SS block

	5 (reserved)
	
	

	6 (reserved)
	
	

	7 (reserved)
	
	


Table 1. An example of starting symbol for LTE-NE coexistence
· Monitoring interval 

· 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 is also shared with CORESET for RAR/Msg4/etc.
· If the configurability is needed, periodicity of common CORESET monitoring is configured. (~2 or 3 bits)
· CORESET duration

· Fixed based on SS block layout.

· If the configurability is needed, CORESET duration can be jointly configured with CORESET bandwidth.
· RS information 

· 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. 
In conclusion, regarding the common CORESET, the information related to time/frequency resources could be configured by PBCH, and other information (such as RS information, transmission type, REG bundle (set) size, etc.) could be fixed to decrease PBCH overhead.
Proposal 3: For a common CORESET which is configured by PBCH, at least followings are fixed;

· REG bundling size

· Transmission type (i.e., interleaved or non-interleaved)

· Aggregation level & the number of candidates (depending on the number of available REGs)
· More parameters may be added if agreed

Proposal 4: For a common CORESET which is configured by PBCH, at least Time/frequency resources (including starting position and width) are configured. More parameters may be added if agreed.
2.2. 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 on CSS 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 CSS for minimum SI which shares the same beam direction to SS block 
Option 2) PBCH in a SS block can indicate a set of resources of CSS for minimum SI 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

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. 
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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. 
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Figure 2 Indication of control channel for minimum SI (option 2)
Proposal 5: 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
2.3. Handling of overlapped CORESET
A CORESET can overlap with different CORESET or SS block within a slot. Regarding the overlap between CORESETs, candidate of a CORESET can block candidate(s) of another CORESET. A straightforward solution to decrease blocking probability in 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. 
If a CORESET overlaps with SS block within a slot, (for example, when starting point of a SS block is 3rd OFDM symbol and a CORESET duration is 3 OFDM symbols,) control information cannot be transmitted on overlap region. To solve this problem, rate matching of control information within overlap region or fallback to 1- or 2-symbol CORESET can be considered. Specially, when multi-beam operation is used where CORESET and SS block may use different beam, multiplexing CORESET and SS block may not be desirable in the same OFDM symbol. In such case, rate matching on the entire symbol where SS block is transmitted needs to be considered. 
Proposal 6: A study for minimizing impact from CORESET overlapping is needed.  
3. Conclusion
In this contribution, considerations on control resource set and search space are discussed, and followings are proposed;
Proposal 1: The number of CORESETs configured to UE can be 1 or 2. FFS on other values.
Proposal 2: The information relating RS and search space type are configured for UE-specific CORESET.
Proposal 3: For a common CORESET which is configured by PBCH, at least followings are fixed;

· REG bundling size

· Transmission type (i.e., interleaved or non-interleaved)

· Aggregation level & the number of candidates (depending on the number of available REGs)
· More parameters may be added if agreed
Proposal 4: For a common CORESET which is configured by PBCH, at least Time/frequency resources (including starting position and width) are configured. More parameters may be added if agreed.
Proposal 5: 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 6: A study for minimizing impact from CORESET overlapping is needed.
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