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1	Introduction
Rel-14 NR study item [1] has been closed and a new Rel-15 WI dealing with New Radio Access Technology [2] has been approved. The work item should specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low-latency-communication (URLLC) as defined in [3]. The NR under this work item should consider frequency ranges up to 52.6 GHz.
This contribution relates to CORESET configuration, serach space desing and multi-beam operation for PDCCH. The following agreements related to PDCCH search space structures were made in RAN1 #90 [4]:
Agreements:
· The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)

Agreements:
· Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8
· FFS 16 and 32 aggregation levels and also other numbers

Agreements:
· A PDCCH search space at an aggregation level in a CORESET is defined by a set of PDCCH candidates
· For the search space at the highest aggregation level in the CORESET, the CCEs corresponding to a PDCCH candidate are derived as following
· The first CCE index of a PDCCH candidate is identified by using at least some of the followings
· (1) UE-ID, (2) candidate number, (3) total number of CCEs for the PDCCH candidate, (4) total number of CCEs in the CORESET, and (5) randomization factor
· The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index
· Searching space design for the lower aggregation level can be discussed separately

Working assumption:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X

2	CORESET configuration 
It was agreed in RAN1#90 that “The CORESET used to schedule the PDSCH containing the RMSI can be configured to contain also UE-specific PDCCH(s)”. This implies that a single control resource set can be configured with multiple search spaces. With multiple search spaces being configured for a CORESET, these search spaces need to have the same REG to CCE mapping, REG bundle size and DMRS configuration.

Further, with multiple search spaces being configured for a CORESET, the different search spaces may require different monitoring occasions or monitoring periodicity, for example, to support services with different requirements concerning latency or energy consumption. Configuration of the monitoring occasions/periodicity per CORESET would imply the configuration of the shortest periodicity required among the multiple services. This would lead to unnecessarily high number of PDCCH decoding attempts of the UE and therefore increased battery consumption. Configuration of the monitoring occasions/periodicity per search space offers more flexibility to adapt to service needs, but leads to some increase in overhead for the higher layer signaling. We support configuration of the monitoring occasions/periodicity per search space (and not per CORESET) as we think the benefits outweigh the minor increase in higher layer signaling overhead. Monitoring per slot can be used as the default configuration.
The monitoring periodicity also relates to the definition of DRX timing parameters. The primary objective of DRX is battery saving of the UE by switching off its transmit and receive circuits. Therefore there should be only one single DRX procedure that is applied to switch off the blind decodings for all CORESETs and search spaces configured for the UE. NR allows to convey PDCCH in each slot, both with FDD and TDD (unlike LTE where TDD subframes can be unidirectional). As a consequence, the DRX timing parameters can easily be defined relative to a default timing (such as subframe timing), preferably relative to the slot duration, as the latter is typically applied for the monitoring of the common search space.
In addition to DRX, means for deactivating or for reducing the frequency of the PDCCH monitoring based on timers, or L1/2 or higher layer signaling may be introduced individually per search space configured for the UE.
Based on the discussion above, we make the following proposals:
Proposal #1: Multiple control resource sets can be defined, where DMRS configuration and REG bundle size are defined separately for each CORESET.
Proposal #2: The monitoring occasions and/or monitoring periodicity are configured per search space of the UE, with monitoring per slot as the default configuration.
Proposal #3: There is one single DRX procedure that is applied to switch off the blind decodings for all CORESETs and search spaces configured for the UE.

2.2	Dimensioning of the control resource set
It was agreed in RAN1#88bis that “REGs in a REG bundle are contiguous in frequency and/or time”. It is sufficient to be able to configure physical resources of the CORESET in frequency and time with the granularity of one REG bundle. It makes sense to have a flexible CORESET size to enable adaptation to the available bandwidth, required reliability (aggregation level) and capacity of the PDCCH. The granularity of the CORESET size shall be multiples of the CCE size, i.e. Nx 6REGs. 

It was agreed in RAN1 #90 that “Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8”. Based on that, for the minimum size of the CORESET we propose 24 REGs (N=4), sufficient to support aggregation levels 1, 2 and 4. (CORESET size smaller than 24 REGs would result in poor coverage.) The maximum CORESET size shall at least carry the highest aggregation level to be supported (e.g. for URLLC services). It will be sufficient to support even values of N and values of N given by the supported aggregation levels (to reduce effort for implementation testing), and there is no strict need to explicitly define the maximum CORESET size.
Proposal #4: The control resource set has flexible size Nx 6REGs, with 4 <= N <= Nmax being an even integer.
Concerning the frequency-domain allocation of a CORESET which is configured by UE-specific higher-layer signalling, and which may or may not be contiguous, it was agreed at RAN1 NR Ad-Hoc#2 that each contiguous part of a CORESET is equal to or more than the size of REG-bundle in frequency. The contiguous part of the CORESET should be defined in a way to allow maximum degree of flexibility for multiplexing with signals or physical channels other than PDCCH, as this will provide the least issues with respect to forward compatibility. We do not see a need to restrict the minimum size of the contiguous part of the CORESET or the number of contiguous parts of the CORESET. Based on that the configuration granularity in frequency domain should be one PRB according to minimum REG bunle size in frequency. If UE receivers CORESET configuration having contigouous part less than the size of the REG bundle in frequency, it may consider it as an invalid configuration.

Proposal #5: CORESET configuration granularity in frequency domain is one PRB according to minimum REG bundle size in frequency.

3	Search space desingn 
Based on the agreement made in January AH meeting, for one UE, the channel estimate obtained for one RE should be reusable across multiple blind decodings involving that RE in at least the same control resource set and type of search space. This can be achieved with a hierarchical CCE stucture where channel estimate for a lower aggregation levels can be obtained based on channel estimates of the highest aggregation level (AL).

Proposal #6: Support hierarchical CCE stucture where channel estimate for a lower aggregation level can be obtained based on channel estimates of highest aggregation level.

One of the issues related to hierarchical control channel structure is increased blocking probability. This depends also on the scenario of interest, and the amount of CCEs configured to each search space. In order to minimize the DL control channel blocking there is a need for search space specific hashing function similarly as in LTE to randomize the overlapping search spaces of different UEs. However, in order to maintain hierarchical CCE stucture, the hashing function of certain AL must operate within CCEs occupied by highest aggregation level. Furthermore, in order to minimize the DL control channel blocking there is a need to consider also allocation of non-contiguous CCEs for ALs other than the highest AL. It was already agreed in RAN1#90 that “The other CCE indexes of the PDCCH candidate are consecutive from the first CCE index”

Proposal #7: Support a search space and AL-specific hashing function to randomize the overlapping search spaces of different UEs. 

Observation #1: In order to maintain hierarchical CCE stucture, the hashing function of certain aggregation level must operate within CCEs occupied by highest aggregation level.


A working assumption made at RAN1 #90 is that “in the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X” and “the value of X does not exceed 44”. We propose to agree the working assumption with X=44. In the case of mini-slot based scheduling when the PDCCH monitoring takes place in the middle of the slot, the UE may have already processed the BDs corresponding to slot based scheduling. Hence, there might be opportunities for increased number of BD candidates for a UE per slot compared to slot based scheduling.   

Proposal #8: In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is 44.

Observation #2: Mini-slot based operation may support increased number of BD candidates for a UE per slot compared to slot based scheduling.

The control search space was defined at RAN1 NR Ad-Hoc#2 to include at least aggregation level(s), DCI format sizes, number of decoding candidates per aggregation level, per DCI format size, and the set of CCEs for each decoding candidate. Concerning the configuration of aggregation levels, DCI format sizes and number of decoding attempts per monitoring occasion, it looks desirable to provide means for explicit signalling so as to better adapt to service and user needs, for example, a user at cell edge or a URLLC user may be configured to monitor the higher aggregation levels only. The explicit signalling shall enable to not monitor a certain aggregation level or DCI format size, it shall enable to decrease or increase the number of decoding attempts for a certain aggregation level, and it shall enable to define additional aggregation levels or DCI formats. The explicit signalling for the set of aggregation levels and DCI formats can be realized by means of higher layer signalling since it provides good flexibility for feature extensions and is expected to provide sufficiant reactivity, in particular to adapt to large scale fading effects. 
Proposal #9: The set of aggregation levels to be monitored by the UE and the number of blind decodes per aggregation level to be performed by the UE are configured by means of higher layer signalling.
Proposal #10: The set of DCI format sizes to be monitored by the UE is given by means of higher layer signalling.
Proposal #11: The set of aggregation levels and DCI format sizes to be monitored by the UE is a configuration per control search space.

Provided that a single control resource set can be configured with multiple search spaces, during each PDCCH monitoring occasion, a UE may be configured to monitor:
· One or multiple control resource sets,
· One or multiple search spaces within a control resource set,
· One or multiple aggregation levels within a search space,
· One or multiple decoding candidate per aggregation level,
· One or multiple DCI format sizes per decoding candidate.

This motivates to study techniques for reducing the computational complexity required by the UE for the PDCCH monitoring, for example:
· Multiple DCI formats having the same payload size to reduce the number of decoding attempts, e.g. by using a few bits header information plus padding. This may be useful for DCI formats having similar size (e.g. DL grants and UL assignments, or when sharing the same control resource set or search space for common and dedicated DCI signaling).
· The same control resource set or search space may be used for providing the DCI signaling for multiple services, e.g. the same control resource set in the beginning of a slot may be used for both slot-based scheduling and symbol-based scheduling. This can be achieved by using a single DCI format and include a flag to indicate slot-based or symbol-based scheduling (together with semi-static or dynamic signaling of the allocation duration).
· Means for deactivating or for reducing the frequency of the PDCCH monitoring based on timers, or L1/2 or higher layer signaling.
· Handling of PDCCH monitoring in cases where slot aggregation is used for PDSCH transmission to the same UE (e.g. no monitoring, or conditional monitoring depending on DCI content of aggregated transmission).
· Signal processing techniques of the UE, e.g. carrying out the decoding only if sufficient SINR is detected. Such techniques may benefit from specific DMRS design (e.g. UE-specific scrambling), however the performance of multi-user (pre-coded) transmission shall not be negatively impacted by such DMRS design.

Proposal #12: Study techniques to reduce the computational complexity required by the UE for the PDCCH monitoring.
4	Multi-beam operation 
One of the open items related PDCCH construction is how to arrange PDCCH monitoring in the case of multiple beam pair links. It has been agreed in RAN1 Ad-hoc #1 that “UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously” and “UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols”. 
We think that the baseline solution is to define PDCCH monitoring in the case of multiple BPLs is such that each CORESET can be associated with different BPL (including BPL -specific DMRS configuration). If beam cycling (diversity) is configured then the association may change from OFDM symbol to OFDM symbol. Different CORESETs corresponding to different BPLs can be mapped to the same or different OFDM symbols according to UE capability and network configuration.
Proposal #13: One CORESET can be associated with one beam pair link
Proposal #14: Each OFDM symbol of the REG bundle can be associated with one beam pair link when beam cycling (diversity) is configured
In order to help UE PDCCH monitoring in the case of multiple BPLs, there is a need to support QCL relation between PDCCH DMRS and a DL RS resource (such as a CSI-RS or SS block). The QCL properties can be made a part of the CORESET configuration and it applies to the entire CORESET.
Proposal #15: QCL relation can be configured between DMRS of a CORESET and a DL RS resource 

[bookmark: _GoBack]5	Conclusions
In this contribution we have discussed CORESET configuration, serach space desing and multi-beam operation for PDCCH. Based on the discussion, we make the following proposals and observations:
Proposal #1: Multiple control resource sets can be defined, where DMRS configuration and REG bundle size are defined separately for each CORESET.

Proposal #2: The monitoring occasions and/or monitoring periodicity are configured per search space of the UE, with monitoring per slot as the default configuration.

Proposal #3: There is one single DRX procedure that is applied to switch off the blind decodings for all CORESETs and search spaces configured for the UE.

Proposal #4: The control resource set has flexible size Nx 6REGs, with 4 <= N <= Nmax being an even integer.
Proposal #5: CORESET configuration granularity in frequency domain is one PRB according to minimum REG bundle size in frequency.

Proposal #6: Support hierarchical CCE stucture where channel estimate for a lower aggregation level can be obtained based on channel estimates of highest aggregation level.

Proposal #7: Support a search space and AL-specific hashing function to randomize the overlapping search spaces of different UEs. 

Proposal #8: In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is 44.

Proposal #9: The set of aggregation levels to be monitored by the UE and the number of blind decodes per aggregation level to be performed by the UE are configured by means of higher layer signalling.
Proposal #10: The set of DCI format sizes to be monitored by the UE is given by means of higher layer signalling.
Proposal #11: The set of aggregation levels and DCI format sizes to be monitored by the UE is a configuration per control search space.
Proposal #12: Study techniques to reduce the computational complexity required by the UE for the PDCCH monitoring.
Proposal #13: One CORESET can be associated with one beam pair link
Proposal #14: Each OFDM symbol of the REG bundle can be associated with one beam pair link when beam cycling is configured
Proposal #15: QCL relation can be configured between DMRS of a CORESET and a DL RS resource 

Observation #1: In order to maintain hierarchical CCE stucture, the hashing function of certain aggregation level must operate within CCEs occupied by highest aggregation level.
Observation #2: Mini-slot based operation may support increased number of BD candidates for a UE per slot compared to slot based scheduling.
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