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1 Introduction
In RAN1 #89, we have reached following agreements/working assumptions on aspects related to CORESET.
This contribution discusses remaining issues regarding CORESET and its configuration.
2 Discussions on CORESET
CORESET size
The current working assumption states that CORESET size in time domain is 1-3 OFDM symbols for a CORESET on the NR carrier with less than or equal to X PRBs and 1-2 OFDM symbol for a CORESET on the NR carrier with wider than X PRBs. It is proposed that the working assumption can be confirmed as an agreement with sufficiently large value X, e.g., 100 PRBS. Assuming a CORESET consists of 96 PRBs with 2 OFDM symbols, there are 32 CCEs and we can have only 4 candidates for PDCCHs of AL 8. Furthermore, there can be multiple CORESETs inside a system bandwidth, so the CORESET may not fully occupy the whole system bandwidth in frequency domain. In that case, 2 OFDM symbol may not be sufficient. Therefore, it is proposed that X is at least 100 (20 MHz with 15 kHz subcarrier spacing).
For frequency domain size, it is desirable that the CORESET size is a multiple of 6 REGs, which makes it possible that the PDCCH with multiple aggregation levels fits in the one-symbol CORESET. Considering signalling overhead, it is also not desirable to define very small CORESET unit size in frequency domain. Since the minimum BW size is 5MHz for below 6GHz band, 5MHz could be a good baseline for the CORESET unit size in frequency domain. For the subcarrier spacing of 30KHz, there are 12 REGs in 5MHz band (note that 5MHz system only supports SCS of 30 kHz or lower [4]). 12 REGs could be the good candidate of the CORESET unit size in frequency domain. 
Proposal 1
· For the 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 100 PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than 100 PRBs

· For the frequency-duration of a CORESET, the granularity is 12 REGs.
CORESET configuration in frequency domain
It was already agreed that localized and distributed transmissions are supported for NR PDCCH. It is an open issue how to configure the CORESET depending on whether localized or distributed transmissions. It is straight forward to use localized CORESET which is contiguous in frequency domain for the localized transmissions of PDCCH as shown in Figure 1-(a). For supporting distributed transmission of PDCCH, there can be two possible configuration scheme, localized CORESET as shown in Figure 1-(b) and distributed CORESET as shown in Figure 1-(c). There are pros and cons summarized in the table below.

	
	Localized CORESET and distributed PDCCH
	Distributed CORESET and distributed PDCCH

	Pros
	· Less signalling overhead for configuration

· Multiplexing of CORESETs are simple
	· Full frequency diversity can be obtained especially for the CORESET of smaller PRB size 

	Cons
	· Less frequency diversity
	· More signalling overhead for configuration

· Multiplexing of CORESETs are complicated
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Figure 1. CORESET configuration in frequency domain
Proposal 2
· For localized PDCCH transmission, the localized CORESET is configured 
· For distributed PDCCH transmission, FFS between

· Localized CORESET is configured and PDCCH is distributed inside the CORESET

· Distributed CORESET is configured
CORESET configuration for wider bandwidth support

RAN1 has reached to an agreement on wider bandwidth support as shown below.
Agreements:
· In case of one active DL BWP (Bandwidth part) for a given time instant, 

· Configuration of a DL bandwidth part includes at least one CORESET.
· A UE can assume that PDSCH and corresponding PDCCH (PDCCH carrying scheduling assignment for the PDSCH) are transmitted within the same BWP if PDSCH transmission starts no later than K symbols after the end of the PDCCH transmission.

· In case of PDSCH transmission starting more than K symbols after the end of the corresponding PDCCH, PDCCH and PDSCH may be transmitted in different BWPs

· FFS: Value of K (may depend on numerology, possibly reported UE retuning time, etc) 
According to the agreement, there is at least one CORESET configured for an active DL BWP and depending on the change of active BWP, different CORESET can be configured for a UE. From a NW perspective, one common CORESET can to be configured for each possible BWP in order for a UE to access the common channel in every active BWP. In this case, multiple resource sets have to be reserved for CORESETs but UE behaviour becomes simple. The other option is to configure one common CORESET only in a designated BWP, In this case, UE with different active BWP has to switch to this BWP for the reception of common channels. The resources can be efficiently utilized but UE behaviour is complicated and PDCCH blocking is increased as well.

More details on wider bandwidth operations are provided in [6].
Relationships between CORESET and search space(s)

In NR, it was agreed that common control resource set is configured by system information for providing common search space. In addition, UE-specific CORESET can be also configured for each UE by UE-specific RRC signaling. For 4-step random access procedure, the PDCCHs will be required to be transmitted for the scheduling of Msg-2, Msg-3 retransmissions, and Msg-4 and those PDCCHs should be transmitted only using common CORESET since UE-specific CORESET is not available prior to RRC configuration. For the scheduling of common channels such as paging, RAR, etc., common search space (CSS) anyway should be defined inside the common CORESET. However, only with the CSS, UE PDCCH monitoring complexity will increase considering comparatively high load of PDCCHs inside common CORESET.
Through Msg-2 transmission from gNB, UE ID (Temporary C-RNTI) is indicated to a UE. Once the UE has Temporary C-RNTI, it can utilize this ID for the reception of PDCCH thereafter. As illustrated in Figure 2, if additional UE-specific search space (UE-SS) is supported by using a hashing function of temporary C-RNTI inside the common CORESET, the UE may use this UE-SS at least for the PDCCH scheduling retransmission of Msg-3 and (re)transmission of Msg-4. Even after that, UE-SS inside common CORESET can be used until UE-specific CORESET is actually configured. 
Once UE-specific CORESET is configured, UE may use the UE-SS in UE-specific CORESET and the utilization of UE-SS inside common CORESET will decrease. In RAN1 #88, it was agreed that 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 [1]. Taking into account this agreement, it is desirable that the UE-SS in common CORESET can be skipped (or the number of BD candidates can be reduced) once the UE-specific CORESET is configured, which can keep the maximum number of BD candidates in a reasonable level.
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Figure 2. Relationship between CORESET and search space
Note that from network perspective, it may be more desirable to configure multiple DL control resource sets in order to resolve congestion issue and reduce blocking probability of DL control channel, especially considering the support of wider system bandwidth. In this case, gNB may allocate different DL control resource sets in different sub-bands within one system bandwidth, which can help offload some PDCCH transmission and resolve congestion in one subband. As discussed in our companion contribution [4], one to one association rule may be defined between PRACH resource set and DL control resource set in order to allow UE to monitor appropriate DL control resource set. 
Proposal 3
·  UE specific search space is defined in a common control resource set at least for random access, 

· The UE specific search space in the common control resource is skipped or shrinks once UE-specific CORESET is configured.

· From network perspective, multiple DL control resource sets can be configured via SIB. 

3 Conclusion

In this contribution, we provided our views on open issues regarding DL control channel monitoring aspects and the following proposals are made: 

Proposal 1
· For the 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 100 PRBs

· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than 100 PRBs

· For the frequency-duration of a CORESET, the granularity is 12 REGs.
Proposal 2
· For localized PDCCH transmission, the localized CORESET is configured 

· For distributed PDCCH transmission, FFS between

· Localized CORESET is configured and PDCCH is distributed inside the CORESET

· Distributed CORESET is configured
Proposal 3
·  UE specific search space is defined in a common control resource set at least for random access, 

· The UE specific search space in the common control resource is skipped or shrinks once UE-specific CORESET is configured.

· From network perspective, multiple DL control resource sets can be configured via SIB. 

References

[1] Chairman’s notes, RAN1 NR Adhoc, Spokane, USA, January, 2017
[2] Chairman’s notes, RAN1 #88, Athens, Greece, February, 2017
[3] Chairman’s notes, RAN1 #88bis, Spokane, USA, April, 2017

[4] Chairman’s notes, RAN1 #89, Hangzhou, China, May, 2017

[5] R4-1706315, “WF on supported channel bandwidth and SCS”, Ericsson
[6] R1-1710583, “Open issues for wider bandwidth operations”, Intel Corporation
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
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