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1. Introduction
In previous RAN1 meeting, it was concluded that RAN1 common understanding is that the PDCCH channel estimation complexity is not negligible at least in some cases, and followings are agreed as working assumption;
	Working assumption:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell
· FFS: cross-carrier scheduling
· FFS: wideband RS
· FFS: overbooking and/or nested structure
· FFS: exceptional case of CCE counting
· FFS: for case 2


In this contribution, we discuss how to define channel estimation complexity and resolve that issue.

2. Discussions
In LTE PDCCH, a channel estimation is performed using CRS, so a wideband channel estimation on CRS can be done and there is no need to perform channel estimation to each CCE. On the other hand, in NR, DMRS and REG bundle are used for channel estimation, and the number of channel estimation is increased dramatically compared to LTE PDCCH. In conclusion, the UE may not perform channel estimation in time on some cases. According to the WA agreed in precious meeting, all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell. However, there are some issues to be discussed, for example, how to count CCEs, how to define dropping rule, whether to permit overbooking, and how to define channel estimation complexity of CORESET using wideband RS.

CCE counting 
Regarding the CCE counting, the basic principle to count CCEs is as in the following. For candidates in a same CORESET, same properties (such as CCE-to-REG mapping, REG bundle size, precoder granularity, RS scrambling parameter, QCL, and REG & CCE indexing) are applied. So, the overlapped CCE among different candidates in a CORESET can be counted as one (regardless of search space set index). On the other hand, it is desirable that the overlapped CCEs between candidates from different CORESETs are counted separately even if same precoder granularity is applied, because associated CORESETs might have own CORESET configuration. For example, each CORESET has an own DMRS scrambling sequence initialization value, and a UE should set the parameter based on a CORESET configuration.
In addition to the basic rule as mentioned above, following options could be considered;
Option 1) REG bundle size specific CCE counting
The REG bundle size of a CORESET could be considered for counting CCEs. The MMSE channel estimation is general approach for a PDCCH decoding in NR, and matrix sizes for an MMSE algorithm depend on REG bundle size of a CORESET. It means that the number of multiplications could be increased dramatically when a large REG bundle size is used. 
The MMSE channel estimation can be described as follows;
 
where  is the autocorrelation of ,  is the cross-correlation matrix between the true channel vector and temporary channel estimate vector. 
A simple comparison among bundle sizes is as follows; (In this comparison, complexity for deriving matrix  and  is not considered. The number of multiplications is calculated per CCE.)
	REG bundle size
	
	
	
	# of multiplications

	2
	24x6 matrix
	6x6 matrix
	6x1 matrix
	3024

	3
	36x9 matrix
	9x9 matrix
	9x1 matrix
	6480

	6
	72x18 matrix
	18x18 matrix
	18x1 matrix
	24624


Table 1. The number of multiplications for channel estimation 
As shown in the table, the number of multiplications for channel estimations of a CCE is increased exponentially as the REG bundle size is increased. So, it is desirable that the REG bundle size of a CORESET should be reflected to count CCEs. For example, each REG bundle size can have a weight factor for counting CCE.
Option 2) UE assumption for channel estimation 
Another way to count channel estimation is that the REG bundle size of 6 is assumed to the capability of channel estimates. For example, related wording can be captured to the previous working assumption; all UE supports channel estimation capability for 48 CCEs for a given slot per scheduled cell, and this channel estimation capability is based on REG bundle size of 6. This assumption can be regarded as a budget of channel estimation capability, and a gNB can schedule any REG bundle size under the condition of 48 CCEs (or UE’s capability). 
Proposal 1: The CCE counting rule should be needed.
· The overlapped CCE between different candidates in a CORESET is counted as one channel estimation.
· The overlapped CCE between different candidates included in different CORESETs is counted separately.
· Different weight for each REG bundle size can be considered for CCE counting. Or at least, the minimum requirement of channel estimation capability is based on REG bundle size of 6.

Wideband RS 
On a CORESET using wideband RS, different CCE count rule is needed, because different channel estimation scheme (e.g., DFT-based channel estimation) may be used in the CORESET. Following options could be considered to count CCEs in a CORESET with wideband RS;
Option 1) Reference resource for counting CCEs 
The reference resource unit and reference number of CCEs could be defined. For example, a CORESET configuration with 1 symbol and 24 RBs is regarded as a reference resource unit, and the number of CCEs for one reference resource unit could be defined as X CCEs. Then, a UE can calculate the number of CCEs for configured CORESET (using wideband RS).
Option 2) Limited number of CORESETs using wideband RS
In order to decrease standardization effort, the CORESET using wideband RS can be excluded from CCE counting. In addition, the number of CORESET using wideband RS in a slot can be limited to 1. This option is simple, but it is required to have enough budget to estimate wideband RS CORESET on the top of channel estimation capability for narrowband RS. 
Proposal 2: For a CCE counting on CORESET using wideband RS, the reference resource unit and the number of CCEs for one reference resource unit could be defined. 

Candidate dropping rule
If the number of CCEs derived by the counting rule is larger than minimum requirement of channel estimation capability, a UE should determine which candidates are skipped from configured blind decodings. A straightforward way is to give priority to a resource unit such as CORESET, search space, or candidate. A UE can perform blind decoding on candidates which has higher priority first. The priority can be determined considering effect of DCI on the UE’s behavior. For example, a UE should receive slot format, pre-emption operation, and fallback DCI including C-RNTI for avoiding misaligned operation, so those DCIs can have higher priority. 
Proposal 3: Search space set level priority is supported, and the priority is based on RNTI type.
Proposal 4: Search space set having lower priority is dropped firstly when the number of configured channel estimation is larger than UE’s channel estimation capability. 

Overbooking of BDs
Regarding the overbooking of BDs, it can be also considered that there is a maximum channel estimation complexity that a UE supports per each numerology similar to blind decoding capability where the network ensures configuration would not exceed the UE capability. For both blind decoding and channel estimation, this can be inefficient as the network has to ensure configuration does not exceed UE capability in the worst case. For example, if multiple candidates share the same REG bundles, the overall channel estimations can be reduced. However, if it is ensured by configuration only, the network has to assume the worst case (e.g., no overlap between candidates) to estimate the channel estimation complexity as the overlapping among candidates can change over time depending on hashing function. Thus, it is desirable to allow configuration may exceed UE’s capability and then consider priority rules to drop. The same rules can be applied to both BD and channel estimation capabilities. 
Proposal 5: A UE is expected to be configured with search space configurations which may lead larger number of channel estimated CCEs than the UE supports.
· The UE is not required to perform monitoring beyond its BD capability and channel estimation capability
· The UE can skip monitoring on candidates based on the priority rule
· Priority rule is determined between
· Priority can be given based on search space set
· Priority can be given based on RNTI type 
Similar to CCE counting for considering channel estimation capability, a counting rule of blind decodes needs to be defined. The basic principle of CCE counting as mentioned above can also be applied to BD counting, and conditions of same candidate and same DCI format size are added to the basic principle. In other words, the overlapped candidates which have same DCI format size between different search spaces set in a CORESET is counted as one BD.
Proposal 6: The BD counting rule should be needed.
· The overlapped candidates which have same DCI format size from different search spaces set in a same CORESET is counted as one BD.

3. Conclusion
In this contribution, we discuss channel estimation complexity issue and BD capability, and followings are proposed.
Proposal 1: The CCE counting rule should be needed.
· The overlapped CCE between different candidates in a CORESET is counted as one channel estimation.
· The overlapped CCE between different candidates included in different CORESETs is counted separately.
· Different weight for each REG bundle size can be considered for CCE counting. Or at least, the minimum requirement of channel estimation capability is based on REG bundle size of 6.
Proposal 2: For a CCE counting on CORESET using wideband RS, the reference resource unit and the number of CCEs for one reference resource unit could be defined. 
Proposal 3: Search space set level priority is supported, and the priority is based on RNTI type.
Proposal 4: Search space set having lower priority is dropped firstly when the number of configured channel estimation is larger than UE’s channel estimation capability.
Proposal 5: A UE is expected to be configured with search space configurations which may lead larger number of channel estimated CCEs than the UE supports.
· The UE is not required to perform monitoring beyond its BD capability and channel estimation capability
· The UE can skip monitoring on candidates based on the priority rule
· Priority rule is determined between
· Priority can be given based on search space set
· Priority can be given based on RNTI type 
Proposal 6: The BD counting rule should be needed.
· The overlapped candidates which have same DCI format size from different search spaces set in a same CORESET is counted as one BD.



1

