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Introduction
The following was agreed at RAN1#88 [1]
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 sets 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.
In RAN1#89, the following was agreed [2].
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

The following was agreed in RAN1 AdHoc #2 [3].
Agreements:
· For a CORESET which is configured by UE-specific higher-layer signalling, 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 configuration of CORESETs and search spaces within which the UE searches for NR-PDCCH candidates.
Discussion
We observe that after initial access is performed, the UE does not yet have any opportunity to be configured a control resource set (CORESET) other than receiving information over the NR-PBCH which is quite limited in capacity [5]. Therefore, a control resource set must be signaled with very minimal signaling to the UE in order to be able to receiver further control messages such as the Remaining System Information (RMSI). Furthermore, this control set should at least support a common search space.
Observation: At least a common search space must be supported in a control resource set that is signaled to the UE during initial access procedures.
We note that minimal signaling using only 3 bits may need to be used during initial access procedures in order to provide flexibility of assigning the control resource set in relation to the location of the sync sequence on the carrier which may not always be in the center [5]. As discussed in [5], the control resource set carrying the common search space may be located in the same OFDM symbols as the SS block or it may be located in some other OFDM symbols depending on the particulars of the deployment. The location of this CORESET can be in the same OFDM symbols as the SS block if the minimum bandwidth defined for a particular frequency band exceeds the SS block bandwidth for that band. The location of this CORESET could be in a different OFDM symbol if the minimum carrier bandwidth for the band is the same as the SS block bandwidth. 
The deployment may or may not require beam sweeping of the RMSI depending on the deployment. This may also influence the location of the CORESET carrying the common search space used to schedule the PDSCH carrying the RMSI. 
Another aspect to consider is the aggregation level to be used for the message. Since a primary function of this CORESET is to carry the RMSI, adequate coverage for this CORESET is needed. Therefore, a high aggregation level of 8 should be used. Considering the number of PRBs for the SS-block and the CCE size of 6, a DCI message transmitted at aggregation level 8 would occupy 2 OFDM symbols in a CORESET that has the same number of PRBs as the SS-block.
Considering these factors some of which are also discussed in [7], the three bits can only be used to choose between four options corresponding to choices for a set of a few parameters. Other parameters can be fixed to specific values. The following is an example for signaling the location of the CORESET carrying the common search space used to deliver the RMSI and other potential common control messages.

	Bit field in NR-PBCH
	CORESET Configuration

	000
	CORESET BW = 24 PRBs; CORESET spans 2 OFDM symbols starting in OFDM symbol after SS block and in the same PRBs occupied by the SS block

	001
	CORESET BW = 24 PRBs; CORESET spans 2 OFDM symbols starting in first OFDM symbol of the same slot and in the same PRBs occupied by the SS block

	010
	CORESET BW = 24 PRBs; CORESET spans 2 OFDM symbols starting in same OFDM symbol as PSS and with equal number of PRBs immediately below and above the SS block in frequency

	011
	CORESET BW = 48 PRBs; CORESET spans 1 OFDM symbol starting in OFDM symbol after SS block and with the center of the CORESET BW aligned with the center of the SS block

	100
	CORESET BW = 48 PRBs; CORESET spans 1 OFDM symbol starting in first OFDM symbol of the same slot and with the center of the CORESET BW aligned with the center of the SS block

	101
	CORESET BW = 48 PRBs; CORESET spans 1 OFDM symbol starting in same OFDM symbol as PSS and with equal number of PRBs immediately below and above the PSS in frequency

	110
	CORESET BW = 24 PRBs; CORESET spans 3 OFDM symbols starting in first OFDM symbol of the same slot and I nthe same PRBs occupied by the SS block

	111
	NULL (No CORESET configuration or RMSI transmission)



Remaining parameters of the CORESET could be set to specific values. Considering that the common search space will need to be used for messages intended for multiple UEs, it would make sense for this control resource to use an interleaved transmission type although the interleaving happens within the restricted bandwidth signaled according to the 3 bit field discussed above. The specifics of the interleaving can be implicitly defined based on the dimensions of the CORESET and the REG bundle size. The REG bundles size can be 2 OFDM symbols since this is enough to accommodate an aggregation level of 8 with a CORESET bandwidth that is the same as the bandwidth of the SS block and a level of 16 with a CORESET that is double this bandwidth. We discuss how bandwidth flexibility should be handled in this context in [6]. 

Proposal: Use three bits in the NR-PBCH to indicate the resources used for the CORESET carrying a common search space which can be used to schedule the PDSCH containing the RMSI. The indication in the NR-PBCH can be used to select the following parameters
· Starting symbol
· Number of PRBs
· Location of the PRBs in time and frequency
· Duration

Proposal: The following parameter settings should be used for the CORESET carrying a common search space which can be used to schedule the PDSCH containing the RMSI.
· REG bundle size = 2
· Transmission type = interleaved

Considering the question of whether UE-specific search spaces should exist in the same control resource set, we note that if a control resource set is anyway defined for common search spaces, it may be wasteful to have to use RRC signaling to every UE just to indicate UE-specific search spaces in addition. Instead, it would be more efficient to have this control resource set signaled after initial access to also contain a UE-specific search space. Then, further UE-specific search spaces could be RRC signaled to the UE if necessary.
The definition of search spaces and the management of multiple search spaces within a single control set can be facilitated by numbering the CCEs implicitly within a control resource set as proposed in [4] based on the bandwidth and number of symbols occupied by the CORESET so that the UE-specific search space can only use some CCEs of the CORESET. Alternately, the UE-specific search space can be assumed to fully overlap with the common search space. 
Based on the above discussion, we propose the following.
Proposals: 
· The CORESET with a common search space which can be used to schedule the PDSCH containing the RMSI can also contain a UE-specific search space 
· The CCE definition and numbering within the CORESET is defined implicitly based on the parameters of the control resource set
· FFS: Whether the UE-specific search space in the CORESET spans the entire CORESET or only some of the CCEs in the CORESET

The size of a control resource set should allow for the largest possible control channel (i.e. the largest combination of DCI payload and aggregation level). It also defines the smallest possible UE bandwidth, i.e. a UE not capable of receiving at least one control resource set would not be able to access the system. For lower carrier frequencies, a control resource set of 24 PRBs seems to be a good choice. For higher carrier frequencies, a somewhat larger control resource set of 96 PRBs can be considered as the spectrum allocations in these cases typically are larger. 
A UE can have multiple CORESETs defined for monitoring. Given the flexibility in assigning the bandwidth of the CORESET, the larger amount of bandwidth available in most bands, and the fact that LTE is able to operate with a control region of up to 3 OFDM symbols except for a small bandwidth of 1.4 MHz, a CORESET does not have to exceed 3 OFDM symbols in time. In fact, 1 to 2 OFDM symbols is most likely enough for most scenarios where a larger bandwidth is available. There is a working assumption that has been made on the number of PRBs in a CORESET above which only 1-2 symbols should be allowed as the duration of the CORESET and below which up to 3 symbols may be allowed. Control channel capacity similar to LTE could potentially imply that up to 3 OFDM symbols may be desirable for a bandwidth of up to 10 MHz with a 15 kHz subcarrier spacing, i.e., with 50 PRBs. For larger bandwidths, it is probably adequate to have 2 OFDM symbols. Longer CORESETs could be considered for bandwidths below 50 PRBs, if needed. Considering a CCE size of 6 REGs, we propose the following.
Proposal: The maximum time duration of a CORESET is 3 OFDM symbols when the available PRBs for the CORESET is X < 49 PRBs, and is 2 OFDM symbols otherwise. 

It is important to consider UEs that may operate on a smaller bandwidth part for receiving control messages than the bandwidth used for data. A search space may be contained entirely within a CORESET and depending on the search space design, it may be feasible for the bandwidth of the search space for a UE inside a CORESET to be smaller than the bandwidth of the CORESET itself. Hence, one design approach to satisfy a UE being able to receive control messages on a smaller RF bandwidth before switching to a larger one for data could be to ensure that search spaces are defined in a way that they may occupy a smaller bandwidth than a CORESET. This would enable CORESETs to span a large enough bandwidth to have adequate capacity for many UEs and enable the use of fewer CORESETs by the gNB. 
Another design approach would be to define the CORESET itself to be smaller than the smaller RF bandwidth that UEs must monitor. In this approach, there would be fewer restrictions on the search space a UE monitors within a CORESET leading to a simpler design for the design of search spaces within CORESETs especially if the CORESET has multiple symbols in it. Therefore, it would be beneficial for NR to enable this simpler design and allow the CORESET size to be configurable in a small enough bandwidth so that it can fit within the smaller RF bandwidth that UEs should monitor for the purposes of bandwidth adaptation. We discuss bandwidth parts in greater detail in [6].
Proposal: CORESET size should be configurable to be within the smallest RF bandwidth.

The allocation of PRBs for a CORESET should be compatible with the allocation of PRBs for PDSCH since the CORESET may not span the entire bandwidth of the carrier. This is most easily achieved if the same PRB allocation mechanisms are used for both data and for control resource sets. Considering that a REG bundle size of 2 is a good choice from a performance perspective [4], the PRB allocation mechanism should be capable of assigning PRBs in groups of 2 and multiples of 2.
Proposal: The same PRB allocation mechanism should be used for assigning the PRBs for a CORESET as is used for data. 

It was agreed at the last meeting that a monitoring periodicity can be configured for a UE-specific CORESET. It was left for further study whether this monitoring periodicity is configured per CORESET or for a set of PDCCH candidates within the CORESET. Having different monitoring periodicities for different search spaces could provide more flexibility, but it is not clear there is any significant benefit to this additional complexity. Instead, configuring the monitoring periodicity by CORESET provides adequate flexibility. Another aspect that was left for further study was the default monitoring periodicity. In order to enable the lowest latency for any UE, this should be clearly, every occurrence of that CORESET, i.e., in every slot. We therefore propose the following.
Proposal: The monitoring periodicity should be configured to a UE per CORESET. The default monitoring periodicity should be once per occurrence of the CORESET.
Conclusion
We discussed the configuration of control resource sets and search spaces and made the following observations and proposals.
Observation: At least a common search space must be supported in a control resource set that is either implicitly defined or explicitly signaled to the UE during initial access procedures.

Proposal: Use three bits in the NR-PBCH to indicate the resources used for the CORESET carrying a common search space which can be used to schedule the PDSCH containing the RMSI. The indication in the NR-PBCH can be used to select the following parameters
· Starting symbol
· Number of PRBs
· Location of the PRBs in time and frequency
· Duration

Proposal: The following parameter settings should be used for the CORESET carrying a common search space which can be used to schedule the PDSCH containing the RMSI.
· REG bundle size = 2
· Transmission type = interleaved

Proposals: 
· The CORESET with a common search space which can be used to schedule the PDSCH containing the RMSI can also contain a UE-specific search space 
· The CCE definition and numbering within the CORESET is defined implicitly based on the parameters of the control resource set
· FFS: Whether the UE-specific search space in the CORESET spans the entire CORESET or only some of the CCEs in the CORESET

Proposal: The maximum time duration of a CORESET is 3 OFDM symbols when the available PRBs for the CORESET is X < 49 PRBs, and is 2 OFDM symbols otherwise. 

Proposal: CORESET size should be configurable to be within the smallest RF bandwidth.

Proposal: The same PRB allocation mechanism should be used for assigning the PRBs for a CORESET as is used for data. 

Proposal: The monitoring periodicity should be configured to a UE per CORESET. The default monitoring periodicity should be once per occurrence of the CORESET.
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