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Introduction
RAN1 has discussed the Control Resource Set (CORESET) as resources supporting NR PDCCH. It is agreed in RAN1 #87 that when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol
· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)
In this contribution we will discuss the issue of defining CORESET in both frequency and time domain. With this new definition, it is more flexible and convenient to allocate different PDCCH candidates among different time/frequency resources. 
Defining CORESET in Time Domain
The agreed control resource set (CORESET) is only explicitly defined as a frequency domain concept which indicates both bandwidth and frequency position of one CORESET. Moreover we think the control resource should also be defined in time domain. For description convenience, we use CORESET-F and CORESET-T to describe frequency domain resource and time domain resource of one CORESET respectively. Therefore, one CORESET is described by < CORESET-T x, CORESET-F y >. An example is shown in Figure 2.


[bookmark: _Ref480379255]Figure 2 Illustration of CORESET
In time domain, one CORESET contains 1 or 2 OFDM symbols. There are at most N (N is FFS, e.g. 2) CORESET in time domain in one slot as shown in Figure 2. For one CORESET, both CORESET-F and CORESET-T are semi-statically configured. DMRS of PDSCH can be fixed according to the maximal duration of control region. The CCE/REG should be numbered independently in different CORESETs. Furthermore, only one mapping scheme (i.e. time-first or frequency-first mapping.) is configured for one CORESET.
Comparing with using OFDM symbol subset to describe time domain resource of CORESET, the above idea can support more flexible configuration, i.e. not only duration but also time position of one CORESET can be configured. An example is shown below (based on Figure 2)
· < CORESET-T 1, CORESET-F 1> (one OFDM symbol) uses distributed mapping and contains both CSS and USS
· < CORESET-T 1, CORESET-F 2> (two OFDM symbols) , < CORESET-T 2, CORESET-F 1> (one OFDM symbol)and < CORESET-T 2, CORESET-F 2>(two OFDM symbols) use localized mapping
· For UE1, CSS is in < CORESET-T 1, CORESET-F 1> and USS is in < CORESET-T 2, CORESET-F 1>.
· For UE2, both CSS and USS are in < CORESET-T 1, CORESET-F 1>.
· For UE3, CSS is in < CORESET-T 1, CORESET-F 1> and USS is in < CORESET-T 1, CORESET-F 2>.
· For UE4, CSS is in < CORESET-T 1, CORESET-F 1> and USS is further split and mapped to < CORESET-T 1, CORESET-F 2> and < CORESET-T 2, CORESET-F 2>
Proposal 1: Defining CORESET in both frequency domain and time domain. 
Proposal 2: Both frequency domain and time domain parameters are configured by gNB.

Application Consideration
In this section, we will further discuss some application considerations of new defined CORESET.
Multiple beam operation
When multiple beam operation with analog beamforming is considered, one simple way is to use different transmitting beams for different time domain CORESETs. An example is shown in Figure 3. Search space of one UE can be split and allocated to different CORESETs to achieve diversified beams. Since different transmitting beam may corresponds to different receiving beam, UE will use different receiving beam to receive PDCCH in different CORESET, then robustness of PDCCH is increased with fixed number of blinding detection. The correspondence between CORESET and transmitting beam can be configured in advance or dynamically indicated in common DCI.


[bookmark: _Ref480384510]Figure 3 Different CORESET for Different Beams
AL specific CORESET configuration
It is agreed in RAN1 #88 that the max number of blind detection candidates for a UE is defined independently of the number of control resource sets and the number of search spaces. But how to split the blind detection candidates for different CORESET has not been widely discussed. We think at least mapping different ALs to different CORESET should be supported. This is because that one CORESEST may only have limited amount of resources which may not be able to support higher AL or result in less frequency diversity gain. Moreover, introducing AL specific CORESET configuration is also helpful to reduce blocking probability.
Observation 1: AL specific CORESET configuration is helpful when one CORESEST is configured with limited amount of resources. And it is also beneficial to reduce blocking probability.
An example is shown in Figure 4. In the left figure, CORESET-F2 is configured with AL1 and 2. CORESET-F1 has larger bandwidth than CORESET-F2 and is used to support AL4. Meanwhile, neither CORESET-F1 nor CORESET-F2 has enough resource to accommodate AL8, so CORESET-F3 is configured for AL8, which is the combination of CORESET-F1 and CORESET-F2. Another example is shown in the right figure where AL1/2/4 are defined in < CORESET-F1, CORESET-T1> (the 1st OFDM symbol), but the bandwidth of CORESET-F1 is not enough for AL8, then < CORESET-F1, CORESET-T2> with two OFDM symbol are configured for AL8, i.e. 4 CCEs come from the 1st symbol and another 4 CCEs come from the 2nd symbol). It is noted that the configuration in this example is in line with the agreement in RAN1#88 meeting, i.e. multiple control resource sets can be overlapped in frequency and time for a UE.


Figure 4 Illustration of AL Specific CORESET 
Proposal 4: Introducing AL specific CORESET configuration.
Conclusion
In this contribution, we discussed the issue of defining CORESET in both frequency and time domain. We have the following observation and proposals:
Proposal 1: Defining CORESET in both frequency domain and time domain. 
Proposal 2: Both frequency domain and time domain parameters are configured by gNB.
Observation 1: AL specific CORESET configuration is helpful when one CORESEST is configured with limited amount of resources. And it is also beneficial to reduce blocking probability.
[bookmark: _GoBack]Proposal 3: Introducing AL specific CORESET configuration.
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