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1. Introduction
In RAN1 NR AH#1801, the definitions and behaviors of CORESET #0 and search space #0 were discussed and agreed with the following agreements [1]. 
	Agreements:
· CORESET ID of the CORESET configured by PBCH is 0.
· Search space ID of the search space configured by PBCH is 0.

Agreements:
· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:
· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)
· The search space can be associated with any CORESET configuration
· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
· Search space ID (range: 0-39)
· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH


However, it seems these agreements may not be fully aligned with the agreed UE behavior in other section (MIMO, etc.), which are analyzed in this paper.
On the other side, the PDCCH candidate mapping rules were agreed in RAN1 #92 as below, while many issues were still open and should be addressed [2].
	Agreements:
· Specify PDCCH candidate mapping rules. 
· PDCCH candidates are mapped to search-space-sets until either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met at least with the following rule
· SS type order, e.g. CSS  before USS 
· FFS: further rule within a search space set/type

Agreements:
· Confirm the following working assumption, with updates:
· At least for case 1-1 and case 1-2, all UE supports channel estimation capability for following numbers of 48 CCEs for a given slot per scheduled cell
· 56 CCEs for SCS = 15kHz and 30kHz
· 48 CCEs for SCS = 60kHz
· 32 CCEs for SCS = 120kHz
· 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 the remaining issues regarding PDCCH search space and blind decoding, including the following aspects
· Clarification for CORESET #0 and search space #0 
· Further details of the PDCCH candidate mapping rules
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Clarification for CORESET #0 and search space #0
2.1 SSB selection for CORESET #0 and search space #0
According to the current agreement, a UE may be configured up to 3 CORESETs and up to 10 search spaces per BWP per serving cell. The key different between PDCCH CORESET #0/search space #0 and other CORESETs/search spaces is that CORESET #0/search space #0 are configured by PBCH and not configurable by dedicated RRC. For CORESET #0, UE always uses the CORESET configuration given by the detected PBCH and assumes the CORESET #0 to be QCLed with the detected SS block. 
For UEs before RRC connection, only CORESET #0 and search space #0 is monitored by the UE. If the UE switches the “best SSB” during idle mode mobility, the UE switches the CORESET #0 and search space #0 with the associated PBCH. 
Observation 1: UEs before RRC connection may autonomously switch the SSB due to mobility and thus switches the monitoring of CORESET #0/search space #0 together with the SSB.
For UEs after RRC connection setup, network may configure more CORESETs and search spaces but CORESET #0 and search space #0 should not be reconfigured according to the current agreement. UE may be configured to monitor another search space ID>0 on CORESET #0, in this case the UE still uses the CORESET configuration parameter given by PBCH for the monitoring. Similarly as UEs before RRC connection, the “best SSB” seen by UE may also change due to mobility after RRC connection. In such case, the UE behavior for CORESET #0 and search space #0 monitoring during mobility should be clarified.
Alt-1: Similarly as idle mode mobility, UE may autonomously switches the “best SSB” during mobility after RRC connection, and monitors the CORESET #0 and search space #0 associated with the “best SSB” to which the UE currently access. In our understanding, this alternative is in line with the spirit of current agreement on CORESET #0/search space #0 configured only by PBCH. However, this alternative may cause ambiguity between gNB and UE regarding the UE monitoring of CORESET #0 and search space #0, during the UE mobility procedure. 
Alt-2: Different from idle mode mobility, after RRC connection, UE switching of SSB index and the associated CORESET #0/search space #0 is only allowed when indicated by gNB. In this alternative, gNB needs to configure the UE to measure the SSBs using a beam management procedure and obtains the “best SSB” at the UEs side according to the SSB based L1-RSRP reporting. According to the L1-RSRP reporting, gNB may indicates the UE to switch to another SSB and thus monitors the CORESET #0/search space #0 associated with that SSB. This alternative seems to mandate configuring SSB based L1-RSRP from the network side, and to mandate beam reporting of RRM measurement report before handover to target cell. 
Furthermore, although not explicitly agreed in RAN1, it is our understanding that RAN2 has captured the Alt-2 behavior in latest RRC specification [4], as follows.
[bookmark: _Toc509241454]–	ControlResourceSet
The IE ControlResourceSet is used to configure a time/frequency control resource set (CORESET) in which to search for downlink control information (see 38.213, section FFS_Section).
ControlResourceSet information element
-- ASN1START
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet ::= 					SEQUENCE {
	-- Corresponds to L1 parameter 'CORESET-ID'
	-- Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon
	-- Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling
	-- The controlResourceSetId is unique among the BWPs of a ServingCell.
	controlResourceSetId					ControlResourceSetId,


	-- Frequency domain resources for the CORESET. Each bit corresponds a group of 6 RBs, with grouping starting from PRB 0, which is fully 
	-- contained in the bandwidth part within which the CORESET is configured. 
	-- The most significant bit corresponds to the group of lowest frequency which is fully contained in the bandwidth part within which the 
	-- CORESET is configured, each next subsequent lower significance bit corresponds to the next lowest frequency group fully contained within
	-- the bandwidth part within which the CORESET is configured, if any. 
	-- Bits corresponding to a group not fully contained within the bandwidth part within which the CORESET is configured are set to zero. 
	-- Corresponds to L1 parameter 'CORESET-freq-dom'(see 38.211, section 7.3.2.2)
[bookmark: _Hlk504372411]	frequencyDomainResources				BIT STRING (SIZE (45)),
	-- Contiguous time duration of the CORESET in number of symbols 
	-- Corresponds to L1 parameter 'CORESET-time-duration' (see 38.211, section 7.3.2.2FFS_Section)
	duration								INTEGER (1..maxCoReSetDuration),
	-- Mapping of Control Channel Elements (CCE) to Resource Element Groups (REG). 
	-- Corresponds to L1 parameter 'CORESET-CCE-REG-mapping-type' (see 38.211Section sections 7.3.2.2 and 7.4.1.3.2)
	cce-REG-MappingType							CHOICE { 
[bookmark: _Hlk505255952]		interleaved								SEQUENCE {
			-- Resource Element Groups (REGs) can be bundled to create REG bundles. This parameter defines the size of such bundles. 
			-- Corresponds to L1 parameter 'CORESET-REG-bundle-size' (see 38.211, section FFS_Section)
			reg-BundleSize							ENUMERATED {n2, n3, n6},
			-- Corresponds to L1 parameter 'CORESET-interleaver-size' (see 38.211, 38.213, section FFS_Section)
			interleaverSize							ENUMERATED {n2, n3, n6}, 
			-- Corresponds to L1 parameter 'CORESET-shift-index' (see 38.211, section 7.3.2.2)
			shiftIndex								INTEGER(0..maxNrofPhysicalResourceBlocks-1)
		}, 
		nonInterleaved 							NULL
	},
	-- Precoder granularity in frequency domain. 
	-- Corresponds to L1 parameter 'CORESET-precoder-granuality' (see 38.211, sections 7.3.2.2 and 7.4.1.3.2)
	precoderGranularity						ENUMERATED {sameAsREG-bundle, allContiguousRBs},

	-- A subset of the TCI states defined in TCI-States used for providing QCL relationships between the DL RS(s) in one RS Set 
	-- (TCI-State) and the PDCCH DMRS ports. Corresponds to L1 parameter 'TCI-StatesPDCCH' (see 38.214, section FFS_Section)
	tci-StatesPDCCH							SEQUENCE(SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId				OPTIONAL,	-- Need R

	-- If at least spatial QCL is configured/indicated, this field indicates if TCI field is present or not present in DL-related DCI.
	-- When the field is absent the UE considers the TCI to be absent/disabled.
	-- Corresponds to L1 parameter 'TCI-PresentInDCI' (see 38,213, section 5.1.5)
	tci-PresentInDCI						ENUMERATED {enabled}													OPTIONAL, 	-- Need S

	-- PDCCH DMRS scrambling initalization. Corresponds to L1 parameter 'PDCCH-DMRS-Scrambling-ID' (see 38.214, section 5.1)
	-- When the field is absent the UE applies the value '0'.
	pdcch-DMRS-ScramblingID					BIT STRING (SIZE (16))													OPTIONAL 	-- Need S
}

-- TAG-CONTROLRESOURCESET-STOP
-- ASN1STOP

	


Therefore, it should be clarified that alt-2 is the intended behavior for RRC connected UEs and it is up to network to guarantee the configured CORESET#0 and search space #0 is consistent with those configured by PBCH. 
[bookmark: _Ref510444651][bookmark: _Ref510444732]Proposal 1: It should be clarified that after RRC connection setup, autonomous switching of SSB index by UE is not allowed, and the indexes associated to CORESET #0/search space #0 are explicitly indicated by gNB, which shall make sure that the configured CORESET#0 and search space #0 is consistent with those configured by PBCH.
2.2 Misalignment issue of search space #0 configuration
According to the specification 38.213 [3], the monitoring occasions for search space #0 are determined from the four LSB of pdcch-ConfigSIB1 in PBCH, depending on the multiplexing pattern of SS block and CORESET for a single SS block:
· In case of TDM between SSB and RMSI-CORSET: over two consecutive slots with periodicity of 20 ms
· In case of FDM between SSB and RMSI-CORESET: over one slot periodicity equal to the periodicity of SS block (5/10/20/40/80/160 ms)
As discussed above, the RRC configured search space #0 should be mapped to the one configured by PBCH. However, according to the RRC signaling [4], the monitoring occasion configured via SIB1/RRC signaling can only be one single slot with periodicity of 1/2/4/5/8/10/16/20 slots, corresponding to a largest period of 20/10/5/2.5 ms for SCS of 15/30/60/120 kHz, respectively. Consequently, it can be seen that the configurations of monitoring periodicity and number of monitoring slots in a period for search space #0 cannot be always exactly aligned between PBCH and RRC signaling. Further detailed analysis for this issue can also be found in our companion contribution [5]. In order to avoid ASN.1 modification, it seems the best solution is to allow the search space #0 configured by PBCH to be overwritten by UE-specific RRC signaling.
Furthermore, it is worth noting that the pdcch-ConfigSIB1 in PBCH actually determines multiple search spaces with ID 0, each of them associated to a separate SSB, where the monitoring occasions for one search space #0 are different from another. Such configuration is designed for idle UE autonomous beam selection. On the other hand, as discussed in the previous section, the search space configuration via UE-specific RRC signaling only addresses the specific monitoring occasions associated the specific beam indicated by gNB. Therefore, it is beneficial for network to indicate the associated SSB index, by signaling the UE-specific search space #0 configuration that overwrites the configuration of PBCH.
[bookmark: _Ref510444653]Proposal 2: It should be clarified that the configuration of CORESET #0 and search space #0 from the four LSB of pdcch-ConfigSIB1 in PBCH can be overwritten by the UE-specific RRC signaling (i.e. pdcch-ConfigCommon) if provided by higher layer signaling. 
3. PDCCH candidate mapping rules
According to the specification, each UE has a PDCCH monitoring capability in terms of maximum number of PDCCH candidates per slot and maximum number of channel estimations per slot. The PDCCH candidates are then mapped to search space sets until either or both limit(s) of (number of blind decodes, CCEs for channel estimation) is/are met. Currently the specification allows network to configure up to 3 CORESETs and 10 search spaces on top of the CORESETs for each active BWP. The configured CORESETs can be non/partially/fully overlapped with each other using the same or different QCL configured by the network. For each configured search space, the monitoring periodicity, DCI formats, aggregation levels and number of candidates per aggregation level can be configured with full flexibility. Therefore, it is up to gNB to make sure that the configuration does not result in the numbers of PDCCH candidates and/or channel estimations per slot exceeding the relevant UE capability. 
However, in practice it would be beneficial for gNB to slightly overbook the PDCCH monitoring capability in some monitoring occasions, in order to fully utilize the UE monitoring capability in all occasions as much as possible. As an example shown in Figure 1, UE is configured with one USS and two CSSs and USS is monitored per slot. CSS 1 is configured with 2-slot monitoring periodicity for fallback DCI, while CSS 2 is configured with 8-slot monitoring periodicity for DCI format 2_0 and SFI RNTI. In this case, in order to avoid unnecessary underutilization of UE blind decoding capability in all monitoring occasions, gNB may decide to configure more PDCCH candidates in the occasions where the three search space sets collides, i.e. 48 blind decodes in those slots. In these monitoring occasions, UE is allowed to drop some blind decoding such that UE capability is not exceeded. 
[image: ]
[bookmark: _Ref510446174]Figure 1 an example of PDCCH candidate overbooking
It has been agreed that the mapping rule should at least consider the search space type, e.g. prioritize the candidate of CSS over that of USS. However, the detailed mapping rule of candidates among search space sets of the same type is left open. Morever, the mapping rule for Case-2, i.e. candidates among different monitoring occasions within a search space set, are not decided yet.
2 
3 
3 
3.1 Mapping among search space sets of the same type
The simplest mapping rule for search space sets of the same type is to equally scale the numbers of candidates among different search space sets. For example, in the case of required PDCCH candidates for USS exceeding the UE capability, all the USSs are considered as the same priority and UE equally drops some blind decodes in each USS. Such a simple solution can be accepted as a baseline. However, there may be some other factors to be considered. 
Firstly, among the same search space type, different DCI format may have different priorities. For example, the PDCCH candidates for SFI should obviously be prioritized over that for TPC, although both of them are mapped to type-3 search space. The candidates for URLLC scheduling (e.g. associated to a specific RNTI) would needed to be preserved. The candidates for Pcell monitoring may also be prioritized over that for Scell. 
Secondly, search space sets may be configured with different monitoring periodicities. The search space for fallback DCI may be configured with a significantly longer periodicity, while the search space for normal DCI may be monitored much frequently, probably every DL slot. If both search space sets are scaled equally, the collision between them may cause starvation issue for the search space set of longer periodicity, i.e. the fallback DCI cannot be allocated with enough monitoring candidates. 
Therefore, on top of the baseline solution, the mapping among search space sets should take into account the monitoring DCI format/RNTI, and the periodicity of the search space sets.
[bookmark: _Ref510453140]Proposal 3: The baseline solution is to scale equally the numbers of candidates among different search space sets of the same type. 
[bookmark: _Ref510453142]Proposal 4: A search space set is given higher priority compared with another one of the same type when allocating the PDCCH candidates if it is either:
· configured to monitor some specific DCI format/RNTI (e.g. SFI),
· configured with longer periodicity.
3.2 Mapping among different monitoring occasions 
In the case of more than one monitoring occasions in one slot (i.e. mini-slot monitoring) are configured for UE, the PDCCH candidates should be distributed among these occasions. Although it is simple to equally divide the candidates among multiple occasions, such a solution may not be efficient in some scenario. 
In real deployment, the UEs monitor only the slot-based search space occasion (within the first three symbols) and those additionally monitor mini-slot search space occasion (after the third symbol) can multiplex in the same cell. Thus, it is expected that normally the slot-based occasion are shared by a larger number of UEs, therefore, the blocking rate in this search space may be more severe than others in the same slot. Equally dividing the PDCCH candidates among them may make the blocking issue even worse in the slot-based occasion, while waste the blind decoding candidate in the less crowded search space occasions. Therefore, it is proposed to prioritize the slot-based search space occasion in the mapping rule of PDCCH candidate.
[bookmark: _Ref510462931]Proposal 5: The slot-based search space occasion (within the first three symbols of the slot) is prioritized over other occasions in the same slot when allocating the PDCCH candidates. 
4. Conclusion
In the contribution, we discussed the remaining issues on PDCCH search space. Based on these discussions, we propose that,
Proposal 1: It should be clarified that after RRC connection setup, autonomous switching of SSB index by UE is not allowed, and the indexes associated to CORESET #0/search space #0 are explicitly indicated by gNB, which shall make sure that the configured CORESET#0 and search space #0 is consistent with those configured by PBCH.
Proposal 2: It should be clarified that the configuration of CORESET #0 and search space #0 from the four LSB of pdcch-ConfigSIB1 in PBCH can be overwritten by the UE-specific RRC signaling (i.e. pdcch-ConfigCommon) if provided by higher layer signaling. 
Proposal 3: The baseline solution is to scale equally the numbers of candidates among different search space sets of the same type.
Proposal 4: A search space set is given higher priority compared with another one of the same type when allocating the PDCCH candidates if it is either:
· configured to monitor some specific DCI format/RNTI (e.g. SFI),
· configured with longer periodicity.
[bookmark: _GoBack]Proposal 5: The slot-based search space occasion (within the first three symbols of the slot) is prioritized over other occasions in the same slot when allocating the PDCCH candidates.
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