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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The CORESET configuration for NR has been discussed in RAN1, and many aspects have been achieved after a fruitful discussion [1]:

	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




However, some issues are still open and should be resolved. In the contribution, we discuss on the remaining issues for CORESET configuration.
2. Discussion
2.1. CORESET and search space
UE may be configured with one or more CORESETs for different purposes under different deployment scenarios. For example, a UE configured with only one BWP (bandwidth part) containing SS block transmission may be configured with only one CORESET sharing both the CSS (common search space) and UESS (UE-specific search space) on it. On the other hand, a UE assigned with an active BWP that does not transmit SS block may be configured with more than one CORESET, where one of them is for carrying the CSS. Even for the UE with single BWP configured, it is still possible to have more than one CORESET, e.g. for the sake of increasing the robustness, or for fallback operation, especially during reconfiguration for other CORESET(s).

Moreover, it has been agreed to configure a UE with a CORESET to monitor group-common PDCCH [1]. This group-common PDCCH probably targets only a group of UE, and may only be transmitted with a narrow beam compared to those broadcast PDCCHs where a wide band is probably desired. Therefore, it is proposed to decouple the group-common PDCCH monitoring from the CSS, i.e. by introducing a group-common search space (GSS).

[bookmark: _Ref481592417]Proposal 1: A CORESET can be configured by UE-specific higher-layer signaling to associate to an UESS, a CSS, or a GSS. CORESET for RMSI scheduling configured by MIB is implicitly associated to a CSS.
2.2. Frequency domain resource allocation for CORESET
A CORESET is assigned in the frequency domain, a set of PRBs that may or may not be frequency contiguous. Such a mechanism for resource allocation should be flexible enough in frequency domain considering divergent deployment scenarios, e.g. to reap the frequency selectivity gain or frequency diversity gain, to avoid the strong interference or guard band/filter resource in frequency, etc. Moreover, the resources allocation mechanism for CORESET should be adaptive to the size of a CCE (equal to six REGs), while at the same time should be ideally harmonized with the resource allocation for PDSCH, where the RBG size can be the value of {2, 3, 4, 6, 8, 16} and that may depend on the size of bandwidth part. Last but not least, the signaling overhead should be minimized. 

With these considerations, it seems the solution of a combinatorial index representing one or more consecutive but not overlapping resource block strips can be a best tradeoff, especially if the number of RB strips is not too large. The combinatorial index corresponds to the starting and ending index of each strip. And the total number of bits is, where M is the number of strip, and N represents the total number of PRB candidates in the bandwidth for CORESET allocation, and . The number of bits can be further reduced if the strip is constructed based on RBG or REG bundles, at the cost of limited flexibility in resource assignment.

[bookmark: _Ref481592423]Proposal 2: The solution of a combinatorial index representing one or more consecutive but not overlapping resource block strips is used for CORESET resource allocation in frequency domain. 
2.3. Time duration
The time duration for the CORESET can be 1, 2, or 3 according to the working assumption in [2]:

	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




One remaining issue is to define the switching point value (i.e. the X) for the maximum number of OFDM symbol for a CORESET. The agreed bandwidth for SS block transmission is 24 PRBs which is the minimal bandwidth a UE should support. This gives a total of 48 PRBs for a CORESET with time duration of 2 OFDM symbols, which is capable of at most 8 CCEs. This is not enough even for common search space, compared with LTE where 16 CCEs are available for common search space in 5 MHz bandwidth. In order to support a comparable number of common search space capability, the value of X should be at least equal to 48 PRBs.

[bookmark: _Ref485165211]Proposal 3: The value of X should be at least equal to 48 PRBs. 
2.4. Interleaver
Both interleaved and non-interleaved modes are supported for CCE-REG mapping of a CORESET. Although the non-interleaved mapping may be quite straightforward, the detailed mapping for interleaved mode is not clear and should be defined. An example of how the interleaving works is depicted in Figure 1.
[image: ]
[bookmark: _Ref490140405]Figure 1. An example of interleaving CCE-REG mapping 
The CORESETs with same or different mapping modes may be overlap. Moreover, considering the bandwidth adaptation case, i.e. the scenario-2 in [4], the CORESETs from the wider and smaller bandwidth parts may be overlapped, again with same or different mapping modes. PDCCH candidate allocation in one CORESET may undesirably block lots of the PDCCH candidates being allocated in another CORESET. An example of this blocking is illustrated in the left side of Figure 2, where a single CCE allocated in interleaving case blocks three CCEs in the non-interleaving allocation, while at the same time, leaving many resource fragments in the non-interleaving CORESET where allocation of aggregation level higher than two is impossible.
[image: ] [image: ]
[bookmark: _Ref490140415]Figure 2. Resource fragment and blocking issue 
By properly reconfigure the gap among the REG bundles of the same CCE (i.e. the REG bundles with same color), such resource fragment and blocking issue can be mitigated, as illustrated in the right side of Figure 2. Further discussion can be found in [5]. Therefore, it is proposed to introduce a configurable interleaver for CORESET in interleaved mode. The network is free to apply a configuration according the deployment scenario, balancing between reaping the frequency diversity gain and relaxing the PDCCH scheduling in the CORESET overlapping different CCE-REG mappings.

[bookmark: _Ref490140499]Proposal 4: A configurable interleaver is introduced for CORESET configured with interleaved transmission type. 
2.5. DMRS
It has been agreed that MU-MIMO operation using at least non-orthogonal DMRS is supported for NR PDCCH [3]. Moreover, multiple NR PDCCHs each from a separate TRP should be supported, to enable dynamically switching between TRPs for NR PDCCH, similar to what is supported for LTE EPDCCH. As a result, CORESET-specific scrambling for RS should be introduced. 

Although it has been agreed that one-port transmit diversity scheme is supported for NR PDCCH, multiple PDCCH antenna ports may still be necessary at least for support of MU-MIMO like PDCCH transmission using different antenna ports. Thus, the antenna port number and the port configuration (initialization value, etc.) should also be configured per CORESET. QCL assumption between the DMRS and SS/CSI-RS should also be supported [6] and configured per COREST.

[bookmark: _Ref481598964]Proposal 5: The parameters of DMRS, including possibly the antenna port configuration, QCL parameters, scrambling, etc., should be configured per CORESET. 
3. Conclusion
In the contribution, we further discussed the remaining open issues of CORESET configuration. Based on these analysis, we propose that,

Proposal 1: A CORESET can be configured by UE-specific higher-layer signaling to associate to an UESS, a CSS, or a GSS. CORESET for RMSI scheduling configured by MIB is implicitly associated to a CSS.
Proposal 2: The solution of a combinatorial index representing one or more consecutive but not overlapping resource block strips is used for CORESET resource allocation in frequency domain.
Proposal 3: The value of X should be at least equal to 48 PRBs. 
Proposal 4: A configurable interleaver is introduced for CORESET configured with interleaved transmission type.
Proposal 5: The parameters of DMRS, including possibly the antenna port configuration, QCL parameters, scrambling, etc., should be configured per CORESET.
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