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1. [bookmark: _Toc120549591]Introduction
In RAN1#91, the following agreements for semi-static DL/UL assignment are made,
Agreements:
· For the cell-specific RRC configuration of the semi-static DL/UL assignment,
· Add additional periodicity 0.625ms (for 120KHz SCS only), 1.25ms (for >=60KHz SCS), and 2.5ms (for >=30KHz SCS)
· Also support 2 concatenated DL-unknown-UL periodicity
· Add 1 bit in semi-static DL/UL assignment to indicate if the second periodicity is included
· The two periodicities form X ms + Y ms total periodicity, where X, and Y are from {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms
· When two perodicities are included, the corresponding parameters are independently configured.
· Note: it will be discussed to preclude some combinations (no additional higher-layer impact)
And in RAN1 NR-Adhoc meeting held in Jan.2018, the following agreements for monitoring periodicity of search space are reached,
Agreements:
· For a search space configuration, monitoring periodicity of slot(s) is updated as follows:
· For all SCS, {1, 2, 4, 5, 8, 10, 16, 20} slots
· For INT-RNTI, a subset of {1,2,4} slots is applied
· FFS: the case when concatenated semi-static DL/UL assignments is configured

In RAN1 #91 held in Jan 2017, the following agreements have been made on the aggregation levels for RMSI CORESET [1], 
Agreements:
· NR supports RMSI PDCCH aggregation levels of 4 CCEs, 8 CCEs, 16 CCEs.
In the current spec TS 38.213, section 10.1, the candidates number of different aggregation level for Type0/Type0A/Type2-PDCCH common search space are defined as following in table 10.1-1 [2],
Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X



In this contribution, two remaining issues for search space will be discussed. 
The first issue is the PDCCH monitoring periodicity. It can be seen that the monitoring periodicity has considered both n*5 slots and power of 2 slots semi-static DL/UL assignment periodicity. In this contribution, the influence of 2 concatenated DL-unknown-UL periodicity to PDCCH monitoring will be discussed.
The second issue is the design of number of candidates per aggregation level for Type0/Type0A/Type2-PDCCH common search space.
2. Discussion on PDCCH monitoring occasion for concatenated DL-unknown-UL periodicity
According to the agreements, search space can be configured a monitoring periodicity chosen from {1, 2, 4, 5, 8, 10, 16, 20} slots, and one offset will be provided to indicate the monitoring slot with the periodicity. For example, for semi-static DL/UL assignment with a single 2ms periodicity, as shown in figure. 1, a search space monitoring periodicity k=4 slots and offset o= 0 can realize PDCCH monitoring in the first slot of each 2ms periodicity. 
[image: ]
figure.1 example of PDCCH monitoring for single semi-static DL/UL assignment
However, when concatenated DL-unknown-UL periodicity X+Yms is configured, one cannot always find a periodicity and offset parameter to realize such PDCCH monitor location. As shown in figure.2, 2+1ms concatenated DL-unknown-UL periodicity is configured, neither monitoring periodicity 4 slots nor 5slots cannot realize monitoring in every first slot of 2ms DL-unknown-UL periodicity.
[image: ]
figure.2 example of PDCCH monitoring for concatenated semi-static DL/UL assignment
To solve such problems, two alternatives are provided,
· Alt1: an equivalent monitoring periodicity and offset is derived based on search space configuration and the number of slots in X, Y periodicity, then the monitoring slots are those satisfy the equivalent monitoring periodicity and offset constraint.
· Alt2: an equivalent slot number is derived based on radio frame number, slot number and the number of slots in X, Y periodicity, then the monitoring slots are those whose equivalent slot numbers satisfy the constraint of periodicity and offset.
To apply above solutions, search space monitoring configuration shall provide information indicating which DL-unknown-UL periodicity it is associated to. And there are three cases:
Case.1: It is associated to the first DL-unknown-UL periodicity X;
Case.2: It is associated to the second DL-unknown-UL periodicity Y;
Case.3: It is associated to neither the first nor the second DL-unknown-UL periodicity.
In the following, two alternatives will be described in detail.
· Alt.1
For example, X=2ms and Y=1ms, and gNB wants to configure the UE to monitoring PDCCH in every first slot of DL-unknown-UL periodicity X.
To realize this, a search space configuration associated to X with monitoring periodicity kX=4 slots and offset oX = 0 is provided, that is case 1. 
Firstly, equivalent monitoring periodicity and offset for this search space configuration are derived as
[image: ] 
[image: ] 
where, NX is the number of slots in Xms periodicity, and NY is the number of slots in Yms periodicity. And the monitoring PDCCH slots for X satisfy,
[image: ]
For this example, NX =4, NY=2, and [image: ]，[image: ]，then UE shall monitor the first slot in every 6 slots, i.e. in slot 0,6,12,.... , as shown in figure.3
[image: ]
figure.3 example for alt.1 with search space configuration case.1

And if gNB wants to configure the UE to monitoring PDCCH in the first slot of every 2 Yms DL-unknown-UL periodicities, a search space configuration associated to Y with monitoring periodicity kY=4 slots and offset oX = 0 is provided, that is case 2.
Then equivalent monitoring periodicity and offset for this search space configuration are derived as
[image: ][image: ] 
[image: ] 
And the monitoring PDCCH slots for Y satisfying,
[image: ]
For this example, NX =4, NY=2, and [image: ]，[image: ]，then UE shall monitor the fourth slot in every 12 slot, that is monitoring in slots 4,16,.... , as shown in figure.4.

[image: ]
figure.4 example for alt.1 with search space configuration case.2

However, for case 1 or case 2, when the search space monitoring periodicity is smaller than the X or Y periodicity, a non-integer equivalent periodicity may be derived. For example, X=2.5ms, Y=2ms, and NX=5slots, NY=4 slots , a search space configuration for Y with kY=2 slots and offset oY = 0 is provided, as shown in figure.5. Above equivalent formula results [image: ], apparently, it is not reasonable. One solution to solve this problem is to use case 3, that is the search space configuration associates to neither of concatenated DL-unknown-UL periodicity X+Yms, and the equivalent periodicity and offset is the value got from the search space configuration directly. For this example, k=2slots, and o=0 is configured, and UE monitors PDCCH in every 2 slots.
[image: ]
Figure.5 example for alt.1 with search space configuration case.3
· Alt.2
For case 1, search space configuration for the first UL/DL assignment X with kX and oX are provided, then the monitoring occasion are slots satisfying,
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
[image: ] is the system frame index, [image: ]is the number of slot in one frame with parameter [image: ], [image: ]is the slot index in [image: ], [image: ] is slot index in increasing order within X periodicity in a SFN duration, where it is assumed that the start of SFN #0 is aligned in time with the start of an X periodicity.
Take the same example as alt.1 for case 1, that is kX =4 slots and oX=0, NX =4, NY=2. Those satisfy [image: ]are slots with [image: ] equal to 0,1,2,3,6,7,8,9,12,13,14,15,18,19,20,21,…, apparently, they are slots within duration of DL-unknown-UL periodicity X. And [image: ]further limits the monitoring slots to those with [image: ] equalling 0,4,8,12, …, corresponding to slots with[image: ]equalling 0,6,12,18,….
[image: ]
Figure.6 example for alt.2 with search space configuration case.1

For case 2, search space configuration for the first UL/DL assignment Y with kY and oY is provided, then the monitoring occasion are slots satisfying
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
The advantage of alt.2 is that it can easily handle the case of smaller PDCCH monitoring periodicity than X or Y. Take the same case as shown in figure.5 for example, X=2.5ms, Y=2ms, and NX=5 slots, NY=4 slots, and a search space configuration of for Y with kY=2 slots and offset oY = 0 is provided. Those satisfying [image: ]are slots with [image: ] equalling 5,6,7,8,14,15,16,17,23,24,25,26,…. They are slots within duration of DL-unknown-UL periodicity Y. And [image: ]further limits the monitoring slots to those with [image: ] equalling 0,2,4,6,8,10, …, corresponding to slots with[image: ]equalling 5,7,14,16,23,25,….
[image: ]
Figure.7 example for alt.2 with search space configuration case.2
For case 3, where the search space configuration is associated to neither the first nor the second DL-unknown-UL periodicity, the monitoring slots are that satisfy,
[image: ]

Comparing alt.1 with alt.2, it can be seen that both the two alternatives can help UE find proper PDCCH monitoring slots, and alt.2 is slightly preferred since it can handle the case of smaller monitoring periodicity than DL-unknown-UL periodicity more easily than alt.1.
For both the alternatives when concatenated DL-unknown-UL periodicity X+Yms are configured, RRC parameters should be introduced to search space configuration to indicate one of above 3 cases. 
Proposal 1: When concatenated DL-unknown-UL periodicity X+Yms are configured, RRC parameters should be introduced to search space configuration to indicate which periodicity, X or Y or the configured PDCCH monitoring period, is associated to the search space configuration.
Proposal 2: For search space configuration associated to either X or Y DL-unknown-UL periodicity, an equivalent slot number is derived based on radio frame number and slot number, and the monitoring slots are those whose equivalent slot numbers satisfy the following constraints, 
If search space configuration is associated to for X, the monitoring slots satisfy,
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
If search space configuration is associated to Y, the monitoring slots satisfy,
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
3. Design of number of candidates for Type0/Type0A/Type2-PDCCH common search space
In LTE, there is only one control region within the starting several symbols and the whole system bandwidth. The common search space used to convey SIB1, RAR, paging and other group signaling occupies the fixed 16 CCE in PDCCH. And the candidates number is four for aggregation level 4 and two for aggregation level 8 in common search space. 
In NR, 4 bits in PBCH can indicate the RMSI CORESET resource for different numerology combinations of SS/PBSH and RMSI CORESET, which contains the CORESET PRB, the number of symbols of CORESET and the frequency offset in PRB of RMSI CORESET numerology. The size of RMSI CORESET ranges from a minimum 24 RBs*2 symbols CORESET, to a maximum 96 RBs*3 symbols CORESET. In the current spec TS 38.213, the number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space are fixed values which is four for aggregation level 4, two for aggregation level 8 and X for aggregation level 16. 
Considering the flexible resource of RMSI CORESET and the blind decoding overhead of UE, the fixed candidates number of different aggregation levels like LTE is not appropriate in NR, for example, a 24RBs*2symbols CORESET is not available for two aggregation level 8 candidates. The aggregation levels and the candidates number should also be flexible as well to adapt to the RMSI CORESET resource. 
The principles of aggregation levels and candidates number design according to RMSI CORESET resource can be as the following:
The total CCE of a aggregation level cannot exceed the maximum resource of RMSI CORESET. For example, if the RMSI CORESET size is small which only contains 48 or 72 PRB, the aggregation level 16 can not be used, and the candidates number of aggregation level 4 will only be two or three. 
In addition, the number of candidates of different aggregation levels should consider the blind decoding complexity of UE. For example, when the RMSI CORESET size is large such as 96*2 or 96*3 PRB, the candidate number of aggregation level 16 can be two. Because the Type0A-PDCCH common search space and Type2-PDCCH common space share the same CORESET with Type0-PDCCH common search space, the two candidates of aggregation level 16 can convey two different common search space information simultaneously. When RMSI and paging are transmitted with AL 16, there are two alternatives for UE to monitor corresponding PDCCH:
· Alt.1: RMSI and paging sharing the same search space, then the number of candidates for AL=16 should be 2. 
Supposing candidates for AL 4,8,16 are 2,2,2 respectively, then the maximum PDCCH BDs for RMSI and Paging is 6 when they share the same DCI format size, with CRC scrambling by different RNTIs.
· Alt.2: only one candidate for AL=16, then a separate search space for paging is needed. Supposing candidates for AL 4,8,16 are 3,2,1 respectively. The maximum PDCCH BDs for RMSI and Paging will be 12 since separate search space need to be monitored.
Blind decoding complexity of alt.1 is lower than alt.2, and PDCCH for RMSI can always be transmitted on the first candidate to further reduce the BD complexity.
In addition, considering to reduce the blind decoding overhead of UE, if the candidates number of aggregation level 16 is two, number of candidates for other ALs, such as AL=4, need be reduced as well. It is propose to reduce the candidates of AL =4 to allow for candidates of AL=16, which is because the AL=16 is used to improve PDCCH coverage and the aggregation level 4 will be rarely used in this coverage scenario.
Considering the design principle, we propose the following table of candidates number of different aggregation levels in RMSI CORESET according to the PRB resources, to realize the trade-off between flexible resource and blind decoding overhead. The corresponding text proposal is provided in the Appendix. 
Proposal 3: For blind decoding of Type0/Type0A/Type2-PDCCH common search space, design different number of candidates for AL=4,8,16 for different CORESET resources as shown in Table 1. 
Table 1 Number of candidates per aggregation levels for Type0/Type0A/Type2-PDCCH common search space
	CORESET BW in PRB
	Number of Symbols for CORESET
	Number of Candidates for aggregation level 4
	Number of Candidates for aggregation level 8
	Number of Candidates for aggregation level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2


4. Conclusions
In this contribution, two remaining issues for search space are discussed including the influence of 2 concatenated DL-unknown-UL periodicity on PDCCH monitoring and number of candidates per aggregation level for Type0/Typr0A/Type2-PDCCH common search space, and the following proposals are made.
[bookmark: _GoBack]Proposal 1: When concatenated DL-unknown-UL periodicity X+Yms are configured, RRC parameters should be introduced to search space configuration to indicate which periodicity, X or Y or the configured PDCCH monitoring period, is associated to the search space configuration.
Proposal 2: For search space configuration associated to either X or Y DL-unknown-UL periodicity, an equivalent slot number is derived based on radio frame number and slot number, and the monitoring slots are those whose equivalent slot numbers satisfy the following constraints, 
If search space configuration is associated to for X, the monitoring slots satisfy,
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
If search space configuration is associated to Y, the monitoring slots satisfy,
[image: ] and
[image: ]
where the equivalent slot number
[image: ]
Proposal 3: For blind decoding of Type0/Type0A/Type2-PDCCH common search space, design different number of candidates for AL=4,8,16 for different CORESET resources as shown in Table 1. 
Table 1 Number of candidates per aggregation levels for Type0/Type0A/Type2-PDCCH common search space
	CORESET BW in PRB
	Number of Symbols for CORESET
	Number of Candidates for aggregation level 4
	Number of Candidates for aggregation level 8
	Number of Candidates for aggregation level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2



5. Text proposal 
<Start of text proposal>
TS38.213
[bookmark: _Toc501387558][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in non-DRX slots in one or more of the following search spaces
-	a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
-	a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI on a primary cell;
-	a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s); and
-	a UE-specific search space for a DCI format with CRC scrambled by C-RNTI or CS-RNTI(s).
A UE is provided a configuration for a control resource set for Type0-PDCCH common search space by higher layer parameter RMSI-PDCCH-Config and a subcarrier spacing by higher layer parameter RMSI-scs for PDCCH reception. The UE determines the control resource set and the monitoring occasions for Type0-PDCCH common search space as described in Subclause 错误!未找到引用源。13. The Type0-PDCCH common search space is defined by the CCE aggregation levels and the number of candidates per CCE aggregation level given in Table 10.1-1.. The control resource set configured for Type0-PDCCH common search space has control resource set index 0. The Type0-PDCCH common search space has search space index 0. 
For Type0A-PDCCH common search space or for Type2-PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace and the CCE aggregation levels and the number of candidates per CCE aggregation level is given in Table 10.1-1. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace and the CCE aggregation levels and the number of candidates per CCE aggregation level are given in Table 10.1-1. 
The UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0-PDCCH common search space and the Type2-PDCCH common search space, and for corresponding PDSCH receptions, and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. The value for the DM-RS scrambling sequence initialization is the cell ID. 
For Type0A-PDCCH common search space or for Type-2 PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. A UE is provided a configuration for Type0A-PDCCH common search space by higher layer parameter osi-SearchSpace. A UE is provided a configuration for Type2-PDCCH common search space by higher layer parameter paging-SearchSpace.
A subcarrier spacing and a CP length for PDCCH reception with Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space are same as for PDCCH reception with Type0-PDCCH common search space. 
A UE may assume that the DM-RS antenna port associated with PDCCH reception in the Type0A-PDCCH common search space and the DM-RS antenna port associated with SS/PBCH reception are quasi co-located with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters.
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the DM-RS antenna port of the SS/PBCH reception associated with a corresponding PRACH transmission.
If a value for the DM-RS scrambling sequence initialization for Type0A-PDCCH common search space, or Type1-PDCCH common search space, or Type-2 PDCCH common search space is not provided by higher layer parameter PDCCH-DMRS-Scrambling-ID in SystemInformationBlockType1, the value is the cell ID. 
If a UE is configured for downlink bandwidth part (BWP) operation, as described in Subclause 12, the above configurations for the common search spaces apply for the initial active DL BWP. The UE can be additionally configured a control resource set for Type0-PDCCH common search space, Type0A-PDCCH common search space, Type1-PDCCH common search space, or Type2-PDCCH common search space for each configured DL BWP on the primary cell, other than the initial active DL BWP, as described in Subclause 12. 
[bookmark: _Ref491599615]Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	X


Table 10.1-1: CCE aggregation levels and number of candidates per CCE aggregation level for Type0/Type0A/Type2-PDCCH common search space
	
Number of RBs 
	
Number of Symbols 
	Number of Candidates for CCE Aggregation Level 4
	Number of Candidates for CCE Aggregation Level 8
	Number of Candidates for CCE Aggregation Level 16

	24
	2
	2
	1
	0

	24
	3
	3
	1
	0

	48
	1
	2
	1
	0

	48
	2
	3
	2
	1

	48
	3
	3
	2
	1

	96
	1
	3
	2
	1

	96
	2
	2
	2
	2

	96
	3
	2
	2
	2



For a serving cell, higher layer signalling provides a UE with [image: ] control resource sets. For control resource set [image: ], [image: ] where a UE-specific search space, a Type2-PDCCH common search space, or a Type3-PDCCH common search space is mapped, the higher layer signalling provides:
-	a control resource set index by higher layer parameter CORESET-ID;
-	a DM-RS scrambling sequence initialization value by higher layer parameter PDCCH-DMRS-Scrambling-ID;
-	a number of consecutive symbols provided by higher layer parameter CORESET-time-duration; 
-	a set of resource blocks provided by higher layer parameter CORESET-freq-dom;
-	a CCE-to-REG mapping provided by higher layer parameter CORESET-CCE-to-REG-mapping-type;
-	a REG bundle size, in case of interleaved CCE-to-REG mapping, provided by higher layer parameter CORESET-REG-bundle-size;
-	a cyclic shift for the REG bundle interleaver [4, 38.211] by higher layer parameter CORESET-shift-index; 
-	an antenna port quasi co-location, from a set of antenna port quasi co-locations provided by higher layer parameter TCI-StatesPDCCH, indicating quasi co-location information of the DM-RS antenna port for PDCCH reception;
-	an indication for a presence or absence of a transmission configuration indication (TCI) field for DCI format 1_0 or DCI format 1_1 transmitted by a PDCCH in control resource set [image: ], by higher layer parameter TCI-PresentInDCI.For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter CORESET-freq-dom provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 PRBs, in ascending order of the PRB index in the DL BWP bandwidth of [image: ] PRBs where the first PRB of the first group of 6 PRBs has index [image: ]. 
If the UE has not received an indication for an antenna port quasi co-location from the set of antenna port quasi co-locations provided by TCI-StatesPDCCH, the UE assumes that the DM-RS antenna port associated with PDCCH reception in the UE-specific search space is quasi co-located with the DM-RS antenna port associated with PBCH reception with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters. 
For each serving cell that a UE is configured to monitor PDCCH in a search space other than Type0-PDCCH common search space, the UE is configured the following:
-	a number of search space sets by higher layer parameter search-space-config; 
-	for each search space set in a control resource set [image: ] 
-	an indication that the search space set is a common search space set or a UE-specific search space set by higher layer parameter Common-search-space-flag; 
-	a number of PDCCH candidates [image: ] per CCE aggregation level [image: ] by higher layer parameters Aggregation-level-1, Aggregation-level-2, Aggregation-level-4, Aggregation-level-8, and Aggregation-level-16, for CCE aggregation level 1, CCE aggregation level 2, CCE aggregation level 4, CCE aggregation level 8, and CCE aggregation level 16, respectively;
-	a PDCCH monitoring periodicity of [image: ] slots by higher layer parameter Monitoring-periodicity-PDCCH-slot;
-	a PDCCH monitoring offset of [image: ] slots, where [image: ], by higher layer parameter Monitoring-offset-PDCCH-slot;
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the control resource set within a slot for PDCCH monitoring, by higher layer parameter Monitoring-symbols-PDCCH-within-slot. 
-  an indication that the search space set is associated to the first UL-DL-configuration or the second UL-DL-configuration or neither, by higher layer parameter UL-DL-configuration-flag. The indication only presents when concatenated UL-DL-configuration is configured.
A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. PDCCH are monitored in slots satisfying
[image: ]
When concatenated UL-DL-configuration is configured, and UL-DL-configuration-flag indicates the search space set is associated to the first UL-DL-configuration, PDCCH monitoring occasion are slots satisfying[image: ] and
[image: ]
where [image: ]and [image: ]are the PDCCH monitoring periodicity and offset respectively, for the first UL-DL-configuration. and 
[image: ]
When concatenated UL-DL-configuration is configured, and UL-DL-configuration-flag indicates the search space set is associated to the second UL-DL-configuration, PDCCH monitoring occasion are slots satisfying
[image: ] and
[image: ]
where [image: ]and [image: ]are the PDCCH monitoring periodicity and offset respectively, for the second UL-DL-configuration. and
[image: ]
When concatenated UL-DL-configuration is configured, and UL-DL-configuration-flag indicates the search space set is associated to neither the first nor the second UL-DL-configuration, PDCCH monitoring occasion are slots satisfying
[image: ]
A PDCCH UE-specific search space [image: ] at CCE aggregation level [image: ] is defined by a set of PDCCH candidates for CCE aggregation level [image: ]. 
If a UE is configured with higher layer parameter CrossCarrierSchedulingConfig for a serving cell the carrier indicator field value corresponds to the value indicated by CrossCarrierSchedulingConfig.
For a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if the UE is not configured with a carrier indicator field, the UE shall monitor the PDCCH candidates without carrier indicator field. For a serving cell on which a UE monitors PDCCH candidates in a UE-specific search space, if a UE is configured with a carrier indicator field, the UE shall monitor the PDCCH candidates with carrier indicator field.
A UE is not expected to monitor PDCCH candidates on a secondary cell if the UE is configured to monitor PDCCH candidates with carrier indicator field corresponding to that secondary cell in another serving cell. For the serving cell on which the UE monitors PDCCH candidates, the UE shall monitor PDCCH candidates at least for the same serving cell. 
For a control resource set [image: ], the CCEs corresponding to PDCCH candidate [image: ] of the search space for a serving cell corresponding to carrier indicator field value [image: ] are given by 
[image: ]
where
for any common search space,[image: ]; 
for a UE-specific search space,[image: ], [image: ], [image: ], [image: ], and [image: ];
[image: ];
[image: ] is the carrier indicator field value if the UE is configured with a carrier indicator field for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, [image: ];
[image: ] is the number of CCEs, numbered from 0 to [image: ], in control resource set [image: ]; 
[image: ], where [image: ] is the number of PDCCH candidates the UE is configured to monitor for aggregation level [image: ] for a serving cell corresponding to [image: ]; 
for any common search space, [image: ]; 
for a UE-specific search space,[image: ] is the maximum of [image: ] for all corresponding DCI formats over all configured [image: ] values for a CCE aggregation level [image: ] in control resource set [image: ];
the RNTI value used for [image: ] is defined in [5, TS 38.212] and in [6, TS 38.214].
A UE configured to monitor PDCCH candidates in a serving cell with a DCI format size with carrier indicator field and CRC scrambled by C-RNTI, where the PDCCH candidates may have one or more possible values of carrier indicator field for the DCI format size, shall assume that an PDCCH candidate with the DCI format size may be transmitted in the serving cell in any PDCCH UE specific search space corresponding to any of the possible values of carrier indicator field for the DCI format size.
<Text proposal End>
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