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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 deals with the remaining details of search space design for NR-PDCCH. The following agreements related were made in RAN1 #90bis [4]:
Agreements: 
· Confirm the WA 'Re-use NR DL RA Type 0 basis in units of 6 RBs, where no restriction on the maximum number of segments for a given CORESET' with the following clarifications:
· This is for the case when the CORESET is configured by at least UE-specific RRC signalling. 
· FFS the RB indexing for resource allocation especially considering interaction with DL BWP
· Details of resource allocation should take into account the interaction with DL BWP - FFS details

Agreements: 
· For slot-based scheduling;
· Confirm the following working assumption with updates:
· The first DMRS position either on symbol #2 or symbol #3 is configured by PBCH
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on symbol #2, and is 3 symbols otherwise.
· The starting OFDM symbol of a CORESET can be symbol #0, #1, or #2, in a slot.
· However, the ending OFDM symbol of a CORESET is not later than symbol #2 in a slot

Agreements: 
· In a given CORESET, two types of search spaces (e.g., UE-common search space and UE-specific search space) can have different periodicities for a UE to monitor
· FFS details of the corresponding search spaces

Agreements: 
· Take the same hash function of LTE EPDCCH as the hash function for NR-PDCCH
· Further refinements can be further considered till next meeting if necessary

Agreements: 
· One set of the following parameters determines a set of search spaces
· A set of aggregation levels
· The number of PDCCH candidates for each aggregation level
· PDCCH monitoring occasion for the set of search spaces

Agreements: 
· At least for cases other than initial access, to identify a set of search spaces, following parameters are configured by UE-specific RRC signaling:
· The number of PDCCH candidates for each aggregation level of {1, 2, 4, 8, [16]}
· One value from {0, 1, 2, 3, 4, 5, 6, 8}
· PDCCH monitoring occasion for the set of search spaces
· One value of from {1-slot, 2-slot, [5-slot], [10-slot], [20-slot]} (at least 5 values)
· One or more value(s) from 1st symbol, 2nd symbol, …, 14th symbol within a monitored slot
· Each set of search spaces associates with a CORESET configuration by RRC signaling
The following agreements were made in email discussions following RAN1#90bis ([6], [7]):
[bookmark: _Hlk497986262]Agreements: 
· PDCCH candidates having different DCI payload sizes count as separate blind decodes 
· PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes. 
· PDCCH candidates in different CORESETs count as separate blind decodes. 
· PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes

Agreements: 
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is: 
· Working assumption: 44 for SCS = 15kHz. 
· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz. 
· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot. 
· Companies are encouraged to complete the following table. 
· Aiming to finalize this at RAN1#91.
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
	[11-44]
	[6-44]

	Periodicity of less than 14 symbols
	[44-86]
	[22-86]
	[11-44]
	[6-44]




Agreements: 
· For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs.
· All UEs supporting CA with the same set of CCs supports the same maximum number of PDCCH blind decodes.
· No explicit UE capability signaling to inform the maximum number of PDCCH blind decodes is reported.
· For CA with more than N CCs, maximum number of PDCCH blind decodes for a UE depends on the explicit UE capability.
· All UEs supporting CA with the same set of CCs supports at least the same number of PDCCH blind decodes.
· FFS: the value of N is 4 or 8

Agreements: 
· For each SCS, whether or not separate UE capabilities for PDCCH monitoring periodicities are needed is concluded at RAN1#91.

	
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Need of separate UE capabilities for (i) PDCCH monitoring of 14 or more symbols and (ii) PDCCH monitoring of less than 14 symbols
	Y/N
	Y/N
	Y/N
	Y/N



Agreements: 
· For PDCCH monitoring occasion of 1-slot, 2-slot, [5-slot], [10-slot], and [20-slot],
· Slot-level offset value for PDCCH monitoring occasion is also supported.
· For N-slot monitoring occasion, the offset is one from [0, N-1].
· Note: symbol-level bit-map of monitoring occasion within a slot agreed at RAN1#90bis is still available.

· For the DMRS of NR-PDCCH in a CORESET,
· The QCL configuration/indication is on a per CORESET basis (Alt.1).

· The value(s) of TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, and/or TPC-SRS-RNTI, are provided by RRC signaling.
· The association between at least each of the following RNTIs and a DCI format is specified in the specification.
· C-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI. FFS: other RNTI(s).
· The value of C-RNTI is obtained as part of random access procedure.
· The association between a DCI format and a type of search space (UE-common search space and UE-specific search space) is specified in the specification.
· UE-common search space contains a DCI format of C-RNTI, RNTI(s) for SPS/grant-free, TPC-PUSCH-RNTI, TPC-PUCCH,RNTI, TPC-SRS-RNTI, and INT-RNTI.
· UE-specific search space contains a DCI format of C-RNTI and RNTI(s) for SPS/grant-free.

· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least onea CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signalling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
· Note: each set of search spaces is associated with one CORESET configuration.

2	PDCCH monitoring
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 space sets. 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. 
Observation #1: One or more search spaces sets can be configured per each CORESET.
With multiple search space sets being configured for a CORESET, different DCI formats may require different monitoring occasions or monitoring periodicity, for example, to support services with different requirements concerning latency or energy consumption. An open issue related to PDCCH monitoring is, what are the exact monitoring occasions supported. The agreement made in RAN1#90bis indicates that at least 3 additional values for the monitoring occasions on top of periodicities 1-slot and 2-slot are supported. We think that the supported set should include at least 4-slot periodicity. This is needed for multi-slot scheduling and it is useful also in the in the scenarios involving multiple numerologies. In addition to that, 5-slot, 10-slot and 20-slot periodicities can be seen as good options for PDCCH monitoring from UE power consumption point of view. Based on that we make the following proposal:   

Proposal #1: The following PDCCH monitoring periodicities are supported: [1, 2, 4, 5, 10, 20] slots.

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 decodes for all search space sets 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 the slot timing as it is applied for the monitoring of the common search space.
In some cases, pending HARQ retransmission may limit usage of DRX. This may be the case especially with search space sets having high PDCCH monitoring periodicity (such as 10-slots) configured. Therefore, we think that there is a need to study methods how to improve DRX functionality for services with high search space set periodicity. Otherwise, usage of high PDCCH monitoring periodicities for reducing the UE power consumption can become limited by DRX. 
Proposal #2: There is one single DRX procedure that is applied to switch off the blind decodings for all search space sets configured for the UE.
Proposal #3: Study how to improve DRX for services with high search space set periodicity.


Another open issue related to PDCCH monitoring is, the exact aggregation levels to be supported. It was agreed in NR #90bis that “Supported aggregation levels for NR-PDCCH are at least 1, 2, 4, 8. FFS 16 and 32 aggregation levels and also other numbers”. We think that there is a need to support AL > 8 in order to improve DL control channel performance at the cell edge conditions especially in the URLLC scenario. Results shown in [5] indicate that increasing the AL from 8 to 16 improves the performance by 2.5 dB. From system complexity point of view, higher aggregation level is the preferred approach compared to the solution where a single DCI is transmitted over multiple CORESETs. Based on that we make the following proposal:    
Proposal #4: NR-PDCCH supports aggregation level 16 for search spaces configured by RRC signalling.


Number or BDs per slot:

It was agreed in the email discussion following RAN1#90bis [6], that for the given SCS all UEs support the maximum number of PDCCH blind decodes per slot. Table 1 shows the outcome of [6] with Nokia proposal for the number of PDCCH blind decodes per slot for different scenarios. As discussed in [6], the proposed number of BDs with 15 kHz (periodicity of less than 14 symbols) is quite aligned with LTE supporting sTTI. We propose the same values for both 15 kHz and 30 kHz cases. The motivation behind is that both numerologies should be able to operate in similar deployment scenarios. As can be seen in Table 1, we propose the same number of BDs also for numerologies 60 and 120 kHz. Since the slot duration is reducing with the increased subcarrier spacing, the number of BDs per slot can be reduced (compared to 15 kHz and 30 kHz cases). On the other hand, the UE processing capability is also increasing as the channel bandwidth increases typically with the carrier frequency and the subcarrier spacing. 

Proposal #5: Define the number of PDCCH blind decodes per slot according to Table 1


Table 1. Number of blind decodes per slot 
	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
44
	[11-44]
22
	[6-44]
22

	Periodicity of less than 14 symbols
	[44-86]
86
	[22-86]
86
	[11-44]
44
	[6-44]
44



As shown in Table 1, the number of BDs is defined separately for the cases with and without non-slot based monitoring. One of the open questions based on email agreements [6] is “whether or not separate UE capabilities for PDCCH monitoring periodicities are needed”. We think that in order to have non-slot based scheduling as an attractive option for the network implementation, PDCCH monitoring according to periodicity should not be a separate UE capability. In the case of non-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 should opportunities for increased number of BD candidates for a UE per slot compared to slot based scheduling.        
Proposal #6: No separate UE capabilities are defined for different PDCCH monitoring periodicities

Based on the email discussion following RAN1#90bis [6], “For CA with up to N CCs, maximum number of PDCCH blind decodes per slot for a UE depends on the number of configured CCs”. We think that the BD capability for CA should be defined as N x (Number of BDs per slot in the single CC case). This should apply to up-to 8 CCs. This would be inline with LTE CA and it can be justified by the fact that UE capability increases linearly with the number of CCs supported.

Proposal #7: For CA with up to N CCs, the BD capability is defined as N x (Number of BDs per slot in the single CC case), where N=8.


The configurability of NR PDCCH blind decoding includes at least aggregation level(s), DCI format sizes, number of decoding candidates per aggregation level, different monitoring periodicities, and the set of CCEs for each decoding candidate. 
Different services and corresponding search space sets may use different PDCCH monitoring periodicities. In order to manage different services in an optimal manner, it would be preferable to configure PDCCH monitoring in different search space sets independently from each other. The consequence of this is that the number of BDs configured may vary from slot to slot, e.g. according the number of search space sets monitored in the slot. We think that NR should allow over-booking of the BDs for some time instances, as for majority of time instances the BDs would be below the maximum. 
In order to support over-booking of the BDs, there is a need to manage PDCCH blind decoding’s between multiple search space sets. When UE runs out of predefined max number of BDs (such as 44 BDs/slot), there is a need to reduce the number of BDs down to the allowed level. This requires some rules how to reduce the number of BDs in the overbooking situation.
Observation #2: When a gNB serves multiple services with different PDCCH monitoring periodicity, the infrequent monitoring peaks may occur. The gNB should be allowed to over-book BDs during these infrequent peaks, to avoid BD restrictions in other monitoring occasions.   
Proposal #8: NR supports search-space-set configurations that may result in over-booking for some monitoring occasions.
· FFS: How to reduce the PDCCH BDs down to the allowed level for over-booked monitoring occasions.  

3	Hashing function
It was agreed in RAN1#90bis to “take the same hash function of LTE EPDCCH as the hash function for NR-PDCCH”, without precluding further refinements.
The hashing function of LTE EPDCCH randomizes the allocation of the PDCCH candidates within the CORESET according to [8]

,
where
· L is the number of CCEs for the aggregation level (AL) the UE monitors,
· b is search-space offset for scheduling cell of CIF value equal to b,
·  is the total number of CCEs for the given p-th CORESET in subframe/TTI k,
· m is 0, 1, …, , where M is the number of PDCCH candidates for the aggregation level that the UE monitors,
·  is the nominal or maximum number of PDCCH candidates for the aggregation level,
· i (0, 1, …, ) is the contiguous CCE index of the PDCCH candidate,
· [bookmark: _GoBack] is a pseudo-random variable based on the RNTI of the user and based on subframe index k (0, 1, …, 9), 
· p is for indication of a EPDCCH resource set, and
·  denotes the floor operation.
Randomized resource allocation is separate for each aggregation level L, and comes with a deterministic offset given by  between the first (m=0) and a further (m=1, 2, …, M-1) PDCCH candidate, with wrap-around over the full CORESET size. 
A particularity of LTE EPDCCH hashing function is that it can divide a CORESET into a number of  subbands and allocates a single PDCCH candidate within a subband, where only the starting point of the first (m=0) PDCCH candidate is randomized, while the allocation of the further (m=1, 2, …, M-1) PDCCH candidates is deterministic and approximately equidistant. If the CORESET is configured with non-interleaved CCE-to-REG mapping, this property enables the allocation of a PDCCH candidate in a frequency-selective manner.

This principle can be extended, such that the CORESET can be divided into  subbands, but the allocation of the PDCCH candidate within a subband is randomized. For this purpose, the generation of further pseudo-random numbers is required. Like with EPCCH hashing function, this procedure enables the allocation of a PDCCH candidate in a frequency-selective manner, but, as will be shown in Section 4, compared to EPDCCH hashing function it often results in significantly lower blocking probability.

The division of the CORESET into  subbands for aggregation level L can be expressed by the start points of the mth subbands, given by . Within the mth subband, the number of opportunities to pseudo-randomly allocate a PDCCH candidate is given by . By introducing the pseudo-random variable  to randomize the starting position within the subband, the following Hashing function is obtained:





where  provides the EPDCCH functionality of having the ‘starting subband /offset’ randomized for the candidate.



In case the specification would allow the number of subbands  to be larger than what the CORESET in number of CCEs could support (i.e. ), a further max{1,…} function is required to prevent zero as input to the modulo operator, and we obtain the hashing function as follows:


, (1)


with . The ECCE denoting the NR CCE.


An example for the allocation of PDCCH candidates with Hashing function (1) is illustrated in Figure 1 for , and = (6, 6, 2, 2) for aggregation levels L = (1, 2, 4, 8).


[image: ]

[bookmark: _Ref498432160]Figure 1: Example allocation of PDCCH candidates with Hashing function (1).

Concerning the generation of the pseudo-random numbers , we can apply similar approaches as known from LTE hashing functions, e.g. randomization along subframe numbers  can be carried out using the EPDCCH random generator [8]:
, for k = 0, 1, … 9,
with A = 39829, D = 65537 and , while randomization along the PDCCH candidates  can be carried out using another random generator, e.g. the one of LTE PDCCH [8]:
, for m = 1, 2, …, M-1, 

with A’ = 39827 and D = 65537.

Although the mathematical expressions appear different, the hashing function proposed in equation (1) should be considered a refinement of the hashing function of LTE EPDCCH. When setting  in (1), a uniform distribution of PDCCH candidates over the CORESET is obtained, and when excluding rounding effects by setting  an integer multiple of M times L, the very same set of PDCCH candidates is obtained as with LTE EPDCCH hashing function. 






In LTE,  has been introduced when having a variable number of AL candidates of different UEs on a component carrier (CC) to prevent partial blocking of candidates of the same AL of different UEs. Independently of the details of the EPDCCH type of hashing function, RAN1 will need to discuss the definition of  considering different number of configurable candidates  of different UEs and different CCs (in case of cross-carrier scheduling) to be mapped on the same CORESET. One possible option here may include to configure  together with as part CORESET configuration for the UE.


Observation #3: The proposed hashing function is a refinement of the hashing function of LTE EPDCCH.

Proposal #9: The hash function for NR-PDCCH for aggregation level L divides the CORESET into M approximately equally sized subbands and pseudo-randomly allocates a PDCCH candidate within each of the M subbands.  

Proposal #10: The pseudo-random generator for NR-PDCCH hash function is based on RNTI of the user, subframe index k and number of the PDCCH candidate m = 0, 1, … M-1.

Proposal #11: The hash function for NR-PDCCH is given by equation (1).

Based on the email discussion following RAN1#90bis [6], “Companies are encouraged to provide the views on the following aspects: Whether to specify upper limit of channel estimations a UE can perform for PDCCH;…”. We think that the primary solution for managing the UE complexity is to limit the number of supported PDCCH blind decodes per slot (see Table 1). Further, as agreed in RAN1#90bis, that “NR support also wideband RS where UE may assume DMRS is present in all REGs within the set of contiguous RBs of the CORESET where and when at least one REG of a candidate is mapped.”. This implies that the UE should be able to perform channel estimation from the entire CORESET.
On the other hand, we are open to assess (partial) nesting together with hashing as a tool to reduce the number of channel estimates the UE needs to perform for the decoding of all PDCCH candidates of a CORESET. Nesting is expected to degrade PDCCH blocking probability, therefore any cap on the number of channel estimates shall be sufficiently large.
Proposal #12: Partial nesting together with hashing to reduce the number of channel estimates performed by a UE within a CORESET shall be assessed.

4	Assessment of PDCCH blocking
The PDCCH blocking probability was assessed by means of exhaustive search for different hashing functions. The number of users allocated within the CORESET is predefined (either 2, 3, 4, or 5 users) and the RNTIs are selected randomly. For either of the selected users, an aggregation level is selected randomly for a period of 10 subframes. It is assumed that a single DCI is transmitted per user per subframe with the selected aggregation level, and the occurrence of blocking is checked separately for all the subframe indices k = 0, 1, …, 9. Blocking occurs for the selected users within a subframe if after exhaustive search over all allocation options at least two PDCCH candidates have at least partial overlap. The results provide a lower bound of the PDCCH blocking probability, assuming a smart strategy to allocate the PDCCH candidates by gNB. In a practical network implementation, the PDCCH blocking probability may be higher, depending on the candidate allocation algorithms implemented by gNB. The current results do not take into account the possibility that a user transmits multiple DCIs within a subframe, nor the possibility to fall back to a higher aggregation level in the case of blocking.

We use the following default settings:
· CORESET size of 32 CCEs,
· Aggregation levels (1, 2, 4, 8) with probabilities of occurrence given by (0.4, 0.3, 0.2, 0.1) [9],
· Number M of candidates for aggregation levels (1, 2, 4, 8) is (6, 6, 2, 2) as with LTE PDCCH [8],
· Hashing functions of LTE PDCCH, LTE EPDCCH, as well as randomized allocation in M subbands according to equation (1).

Figure 2 depicts the PDCCH blocking probability with default settings for typical CORESET sizes of 32 and 64 CCEs. It can be seen that the hashing function of LTE EPDCCH outperforms that of LTE PDCCH by a factor of ~2-3 in blocking probability. It can also be seen that the hashing function of equation (1) outperforms the hashing function of LTE EPDCCH by about one order of magnitude in blocking probability. If the CORESET is allocated by 2 users, no blocking was observed with any of the hashing functions.

[image: ]
[bookmark: _Ref498439212]Figure 2: PDCCH blocking probabilities with CORESET comprising 32 CCEs (solid) and 64 CCEs (dashed).

Figure 3 depicts the PDCCH blocking probability with default settings for small CORESET sizes of 16 and 24 CCEs. It can be seen that the hashing function of equation (1) outperforms the hashing function of LTE EPDCCH in blocking probability also for small CORESET sizes. If the CORESET is allocated by 2 users, no blocking was observed with any of the hashing functions.

[image: ]
[bookmark: _Ref498440845]Figure 3: PDCCH blocking probabilities with CORESET comprising 16 CCEs (solid) and 24 CCEs (dashed).

Figure 4 depicts the PDCCH blocking probability with default settings for probabilities of occurrence of aggregation levels (1, 2, 4, 8) given by (0.6, 0.2, 0.15, 0.05) and (0.1, 0.6, 0.2, 0.1) [10]. It can be seen that the hashing function of equation (1) outperforms the hashing function of LTE EPDCCH in blocking probability also for distributions of aggregation levels other than the default settings. If the CORESET is allocated by 2 users, no blocking was observed with any of the hashing functions.
[image: ]
[bookmark: _Ref498441730]Figure 4: PDCCH blocking probabilities for probabilities of occurrence of aggregation levels (1, 2, 4, 8) given by (0.6, 0.2, 0.15, 0.05) (solid) and (0.1, 0.6, 0.2, 0.1) (dashed).



Observation #4: For typical CORESET sizes, the proposed hashing function outperforms the hashing function of LTE EPDCCH by about one order of magnitude in blocking probability.


5	Conclusions
In this contribution, we have discussed remaining details of search space design for NR-PDCCH. Based on the discussion, we make the following observations and proposals:
Observation #1: One or more search spaces sets can be configured per each CORESET.

Observation #2: When a gNB serves multiple services with different PDCCH monitoring periodicity, the infrequent monitoring peaks may occur. The gNB should be allowed to over-book BDs during these infrequent peaks, to avoid BD restrictions in other monitoring occasions.

Observation #3: The proposed hash function is a refinement of the hash function of LTE EPDCCH.

Observation #4: For typical CORESET sizes, the proposed hashing function outperforms the hashing function of LTE EPDCCH by about one order of magnitude in blocking probability.


Proposal #1: The following PDCCH monitoring periodicities are supported: [1, 2, 4, 5, 10, 20] slots.

Proposal #2: There is one single DRX procedure that is applied to switch off the blind decodings for all search space sets configured for the UE.

Proposal #3: Study how to improve DRX for services with high search space set periodicity.

Proposal #4: NR-PDCCH supports aggregation level 16 for search spaces configured by RRC signalling.

Proposal #5: Define the number of PDCCH blind decodes per slot according to Table 1


	No. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Periodicity of 14 or more symbols
	44
	[22-44]
44
	[11-44]
22
	[6-44]
22

	Periodicity of less than 14 symbols
	[44-86]
86
	[22-86]
86
	[11-44]
44
	[6-44]
44




Proposal #6: No separate UE capabilities are defined for different PDCCH monitoring periodicities
Proposal #7: For CA with up to N CCs, the BD capability is defined as N x (Number of BDs per slot in the single CC case), where N=8.

Proposal #8: NR supports search-space-set configurations that may result in over-booking for some monitoring occasions.
· FFS: How to reduce the PDCCH BDs down to the allowed level for over-booked monitoring occasions.  

Proposal #9: The hash function for NR-PDCCH for aggregation level L divides the CORESET into M approximately equally sized subbands and pseudo-randomly allocates a PDCCH candidate within each of the M subbands.  

Proposal #10: The pseudo-random generator for NR-PDCCH hash function is based on RNTI of the user, subframe index k and number of the PDCCH candidate m = 0, 1, …, M-1.

Proposal #11: The hash function for NR-PDCCH is given by equation (1).

Proposal #12: Partial nesting together with hashing to reduce the number of channel estimates performed by a UE within a CORESET shall be assessed.
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