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1. Introduction

In 4G LTE system, the control region spans the whole system bandwidth and occupies the first several OFDM symbols in a subframe. A physical downlink control channel (PDCCH) is carried by one or multiple control channel element (CCE) depending on the size of payload and channel quality. A CCE further consists of  a number of  resource element group (REGs) . The REGs of different PDCCHs are interleaved and spread across the whole control region (in both time and frequency) to obtain time  and frequency gain. The channel estimation is accomplished based on cell-specific reference signal (CRS) which are transmitted at fixed locations across the whole control region. 
In 5G NR system, similar channel structure could be used for its PDCCH, namely,  PDCCH -> CCE-> REG.  However, there are also some new developments/ideas in the design of 5G NR PDCCH. For example, a set of control resource (CORESET) could be configured for the UE for its PDCCH transmission, which may not span whole system bandwidth. Secondly, there could be different ways of mapping CCE/REG to the time/frequency region for CORESET.  Among them there could be frequency-first mapping, or time-first mapping or a combination of both. The other aspect that 5G NR is different from 4G LTE is beamforming (BF) and DMRS will be used for PDCCH transmission and demodulation.
In RAN1 87 meeting, the CORESET was defined as follows
Agreements:
· 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

In RAN1 88 meeting, some agreements on relation between search space and CORESET were reached
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.

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

In this contribution, some relations on search space and CORESET are clarified and our views on CORESET configuration  along with UE procedure  on PDCCH monitoring are presented. 
2. PDCCH CORESET configuration and UE procedure on PDCCH monitoring

2.1. PDCCH CORESET configuration and its relation with search spaces
 CORESET is introduced in 5G to specify a set of resources for UE to monitor its PDCCH transmission. Unlike in LTE, where there is only one control region for all the UE to monitor their PDCCH, in 5G, there could be multiple CORESETs configured for the same/different UE to monitor their PDCCH. This is mainly due to the introduction of BF and various way of CCE-to-REG mapping. In LTE, search space was defined as the set of resources (CCEs) that are used to carry PDCCH candidates of the UE.  A UE has a number of search spaces for different CCE AL. The search spaces of the UE could be determined by Hashing functions bound on the overall control region with some UE-specific parameters. 
In 5G system , similar as in LTE, different UE may share the same set of resources for their search spaces. A CORESET could be configured which  contains one or more search spaces of same/different UE.  The same type of PDCCH mapping (CCE-to-REG and CCE-to-PDCCH mapping, and/or,  localized and distributed mapping) shall be assumed for a CORESET as such mapping could directly impact to the search space structure. Different CORESETs can be non-overlapping or overlapping in frequency at least. Figure 1 shows an example that CORESETs with localized PDCCH mapping and distributed PDCCH mapping with and w/o overlapping. The different CORESETs with different ways of PDCCH mapping could be CORESETs that contain UE-specific control channel search spaces or CORESETs that contain group common control channel (or common control channel) search space. For example, a CORESET contains UE-specific control channel search spaces with localized PDCCH mapping could overlap with a CORESET contains UE-specific control channel search spaces with distributed PDCCH mapping. Alternatively, a CORESET contains UE-specific control channel  search spaces with localized PDCCH mapping could overlap with a CORESET contains group common control (or common control channel) channel search spaces. 
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Figure 1: CORESETs with localized PDCCH mapping and distributed PDCCH mapping with and w/o overlapping
The CORESETs with localized PDCCH mapping or distributed PDCCH mapping could be configured on per OFDM symbol basis or on a set of OFDM symbols basis. As shown in Figure 2, for different OFDM symbols, the configurations of CORESETs for localized and distributed PDCCH mapping could be different. Some CORESETs are configured on  the first OFDM symbol while some CORESETs are configured on the 2nd and the 3rd OFDM symbols. 
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Figure 2:  Configuration of CORESETs with localized and distributed PDCCH mapping on different OFDM symbols

In general we feel CORESET is a set of resources that could be used to construct search space for a UE. The configurations of a CORESET could include but not limit to the following attributes

· The PRBs allocation in frequency

· The OFDM symbol(s) allocation in time 
· It could contain a single or a set of OFDM symbols
· The REG-to-CCE mapping and CCE-to-PDCCH mapping rules

· Time-first or frequency-first 

· Localized or distributed

· The transmit/diversity schemes

· The reference signal (RS) allocation
· The PRB bundling size

It should be noted that a CORESET configuration does not intend to configure the overall resources in time and frequency that could be used for PDCCH transmission from the system perspective, which is referred in yellow part  as PDCCH region in Figure 1 and Figure 2, it is rather used to configured a specific set of resources within  the overall PDCCH region for a group of UEs to derive their search space and locate their PDCCH. The CORESET configuration contains a set of attributes attached to it such as PRB allocations, time duration, PDCCH mapping, transmit/diversity scheme etc and with those attributes, the search space structure could be determined for these UEs to search for their PDCCH candidates. 
Upon the configuration of CORESET, search spaces associated with the CORESET should be determined by the bound of the CORESET. For each UE, one or more search spaces could be determined in a CORESET, such as those for different CCE AL. For example, Hasing functions or other manners could be used to determine the start CCE of a search space for a UE which is bound by the CORESET and distinguished from UE to UE by some UE specific parameters such as UE RNTI. 
Proposals (on CORESET configuration)
· CORESET could be configured in both time and frequency domain
· The frequency domain configuration may contain relevant PRBs that could be used to carry PDCCH. 
· The time domain configuration may include the start and the end symbol of the CORESET, or the start symbol and time duration of CORESET
· A CORESET may have some attributes such as PDCCH mapping, transmission scheme, REG bundling and DMRS configuration

· The search spaces associated with the CORESET could be determined by the CORESET configuration
2.2. UE procedure on PDCCH monitoring
In LTE, the PDCCHs are transmitted at the beginning of each subframe, which is the scheduling unit. In 5G, when PDCCH is transmitted is more flexible. It could happen on symbol level, slot level, or multiple slot level. For convenience, the instances that PDCCHs are configured to be transmitted (or the instances that the UE is configured to monitor its PDCCH) are referred as scheduling (or PDCCH) instances here. In 5G system, it seems that unlike in LTE, the control resource set (CORESET) that an UE’s search space is located is more a UE-specific (or a group of UEs) configuration and may be different from UEs to UEs.  As shown in Figure 3 as an example, two beams are used in the system to transmit PDCCH, and each beam may require different OFDM symbols to carry. Therefore, two CORESETs could be configured, one is on OFDM symbol #1 and the other is on OFDM symbol #2.  Then for each UE, if its PDCCH candidates are carried by beam #1, it will be configured with CORESET #1 on which its search space is located, while if its PDCCH candidates are carried by beam #2, it will be configured with CORESET #2 on which its search space is located. Figure 4 shows another example, where two CORESETs are configured.  The CORESET #1 occupy only one OFDM symbol (OFDM symbol #1) and could be used for BF transmission of PDCCH (where frequency first CCE-to-REG mapping is used), while CORESET #2 occupy two OFDM symbols (OFDM symbols #2 and #3), and could be used for PDCCH transmission with time first CCE-to-REG mapping.  
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Figure 3: Different CORESET(s) configured for different Beams
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Figure 4: Different CORESET configured for different CCE-to-REG mapping

In 5G system, from UE perspective,  each UE could be configured with one or more CORESET(s).  For example, a UE could be configured with one CORESET  as UE #1 shown in Figure 3 or it could be configured with two CORESETs as UE#1 shown in Figure 5. The CORESET configuration (frequency allocation and time duration) could be signaled to the UE by higher layer signals in a semi-static manner. Each CORESET would associate with one or more search spaces for the UE where its PDCCH candidates are transmitted.  Even though the CORESET and its  associated search spaces are configured in a semi-static manner, some CORESET(s) and their associated search space(s) may not be used to transmit a PDCCH at every scheduling instances. This could provide more scheduling flexibility for the gNB. For example, as shown in Figure 5, two CORESETs (CORESETs #1 and #3) are configured for UE#1 and one CORESET (CORESET #2) is configured for UE#2 in a semi-static manner. But at some PDCCH transmission instances (e.g, at slot or multiple slots level),  the gNB may only transmit PDCCH on OFDM symbol #1 (CORESET #1). This could be due to a couple of reasons, one could be that capacity of connected UE is lower, and thus using one CORESET (CORESET #1)  is enough. For such instances, the gNB could inform the UEs the instant overall number of OFDM symbols that are used for PDCCH transmission. Here, the instant overall  PDCCH time duration is referred as the  total number of OFDM symbols that are used for PDCCH transmission for all the UE, namely, it is the combination of time duration of all CORESETs (not the configured ones for this particular UE) that are actually used by the gNB for that PDCCH scheduling instance. For example, if all three OFDM symbols (CORESETs #1, #2 and #3) as shown in Figure 5 are used for PDCCH transmissions at a particular PDCCH scheduling instance, the instant overall number of OFDM symbols (or time duration of total PDCCH transmission) is 3. If only the first two OFDM symbols (CORESETs #1, #2) as shown in Figure 5 are used for PDCCH transmissions, the instant overall  number of OFDM symbols (or time duration of total PDCCH transmission) is 2. 

This instant overall PDCCH time duration could be signaled to all the UE that are supposed to decode its PDCCH at a scheduling instance.   The signaling could be dynamically sent prior to each scheduling instance by a group common control channel, or it could be sent to all the UE periodically over certain time duration by another group common control channel, which may not be sent prior to every PDCCH monitoring instance. Alternatively, it could be semi-statically sent to the UE by higher layer signaling.  For latter two cases, the UE may assume the overall number of OFDM that carry PDCCH does not change over the time duration before it receives the next signal. 
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Figure 5:  Instant overall PDCCH time duration 
From UE perspective, the UE may be configured with one or more CORESETs to monitor its PDCCH at PDCCH monitoring instances. It will then try to conduct blind decoding on PDCCH candidates in the search spaces that are contained in the CORESETs. If it receives a instant overall PDCCH time duration signal to indicate the actual overall number of OFDM symbols for PDCCH transmissions, it may skip blind decoding of PDCCH candidates in those CORESET(s) that are out (or partially out) of the actual PDCCH region. If a UE does not receive such indication (or is not sure if the indication is accurate or not, or feel the information may be outdated), it could choose to search for its PDCCH candidates over all the CORESETs that are configured to it. Figure 5 show an example where PDCCH candidates for UE#1 could be transmitted on OFDM symbol #1 and #3, which are configured as CORESET #1 and CORESET #3 respectively. Namely, some PDCCH candidates for  PDCCH #1 are carried on OFDM symbol#1 while some are carried on OFDM symbol #3. Normally 3 CORESETs are configured and used for PDCCH transmission (from gNB perspective and is for all the UE, not just for UE#1) and overall PDCCH time duration is 3 OFDM symbols.  At some PDCCH scheduling instances, the CORESET #3  may not be used for PDCCH transmission due to either capacity or scheduling consideration (and thus this OFDM symbol could be reused for other purpose, for example for PDSCH). In this situation, the instant overall PDCCH time duration could be 2 OFDM symbols. If such information is conveyed to the UE #1,  the UE won’t try to decode its PDCCH candidates allocated on CORESET #3 and therefore will save some blind decoding (BD) efforts. However, if such information is not conveyed to the UE (or even if it is conveyed, but the UE may not receive it or decode it correctly, or UE feels it is outdated), the UE could try to BD its PDCCH candidates configured on CORESET #3 (OFDM symbol #3) in addition to those on CORESET #1. 

Proposal (on PDCCH monitoring): 

The UE could follow the following procedure for PDCCH monitoring/decoding at any configured PDCCH monitoring instances
1. Check if it receives instant overall PDCCH time duration. If it does not, reuse the previous one or assume the maximum overall PDCCH time duration or default overall PDCCH time duration. 

2. Check to see if any of its configured CORESET(s) is within the overall PDCCH time duration 

a) If yes,  conduct BD of PDCCH candidates configured on that CORESET

b) Otherwise, skip the BD of PDCCH candidates on that CORESET

3. Repeat step 2 for all the CORESETs that are configured to the UE
3. Conclusions
In this contribution, some discussion are presented on CORESET configuration and its relation with its associated search spaces. UE procedure to monitor PDCCH is also described. 
To following proposals summarize the discussion and our views. 

Proposals (on CORESET configuration)

· CORESET could be configured in both time and frequency domain
· The frequency domain configuration may contain relevant PRBs that could be used to carry PDCCH. 

· The time domain configuration may include the start and the end symbol of the CORESET, or the start symbol and time duration of CORESET
· A CORESET may have some attributes such as PDCCH mapping, transmission scheme, REG bundling and DMRS configuration

· The search spaces associated with the CORESET could be determined by the CORESET configuration
Proposals (on PDCCH monitoring): 

The UE could follow the following procedure for PDCCH monitoring/decoding at any configured PDCCH monitoring instances

1. Check if it receives instant overall PDCCH time duration. If it does not, reuse the previous one or assume the maximum overall PDCCH time duration or default overall PDCCH time duration. 

2. Check to see if any of its configured CORESET(s) is within the overall PDCCH time duration 

a) If yes,  conduct BD of PDCCH candidates configured on that CORESET

b) Otherwise, skip the BD of PDCCH candidates on that CORESET

3. Repeat step 2 for all the CORESETs that are configured to the UE
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