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Introduction
In RAN plenary #79, the release 15 NR specifications were approved. Furthermore, it was agreed that during the second quarter of 2018, RAN1 will continue to focus on stabilization of the basic and essential functionalities within the scope of the December drop. 
This contribution deals with the remaining details of search space design for NR-PDCCH. The agreements under NR PDCCH search-space AI made in RAN1 #92b, #92, #AH1801 and RAN1 #91 are summarized in Appendix A for reference. 
The remaining issues are:
· PDCCH monitoring limits in CA
· Remaining aspects of PDCCH candidate mapping rules 
· Specification correction reflecting current agreements 
· SS#0 (TYPE0 CSS) configuration
On PDCCH monitoring limits in CA
RAN1#92b agreement below says that for UEs supporting more than 4 serving cells, the capability is reported as integer number  between 4 and 16, and the BD/CCE limit (i.e. the maximum numbers of BDs and /CCEs that the UE can perform per slot) count grows linearly with capability  (if 4 or less serving cells are supported by UE) or  (if 4 or more serving cells are supported by UE). Further, agreement defines the BD and CCE limits  and  per serving cell per slot of numerology μ. This working assumption can be confirmed.

Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.


However, what is yet missing is how the BD/CCE limit is determined when the number of configured cells C is different to capability X or y:
· Case 1: The number of configured cells  or 
· Carriers having the same/different numerology
· Case 2: The number of configured cells 
· Carriers having the same/different numerology



For the Case 1 and Case 2, some new rule shall be defined. For example, if UE reports y=4 and Y=5, gNB configures C=5 serving cells, 3 serving cells with BWPs of  and 2 serving cells with BWPs of . The  serving cells could have all together floor (3*4/5*44)=105 BDs per slot and the  cells could have all together floor(2*4/5*36)=57 BDs per slot. This example can be generalized with the following equation, the aggregated BD limit for serving cells with active numerology  is defined:

 (1), 

where is the BD limit per numerology  per serving cell per slot, agreed in Athens,  is capability given or reported by the UE, C is the total configured number of serving cells and  is the number of serving cells with active numerology . Also, similar holds for CCE limit, by replacing . 

Proposal-1: For CA, a UE/gNB determines the maximum aggregated number of BDs/CCEs per slot over all configured serving cells with active numerology  using the above equation (1). 
The next question is how/whether the  and  can be flexibly shared between the serving cells of the same numerology. We think that flexible sharing (at least for self-scheduled serving cells), i.e. splitting  and  among serving cells of active numerology , should be allowed with one restriction: 
Proposal-2: For CA without cross-carrier scheduling,  and  can be shared among the serving cells of the same active numerology  being limited only by the  and  limits per slot per serving cell. 

In addition, a UE capable of cross-carrier scheduling should be able to process as many BDs and CCEs as it supports cells (i.e.  and ) within a single serving cell. 
Proposal-3: At least for the case of the same numerology, a UE capable of cross-carrier scheduling, can monitor up to  and   (BDs and CCEs) on the single scheduling cell. 

The case of cross-carrier scheduling becomes more complicated. When scheduling from lower SCS to higher SCS, the processing time-line for scheduled PxSCH is the limiting factor, the BD and CCE limit should be determined by scheduled serving cell. On the other hand, when scheduling from higher SCS to lower SCS there is plenty of time for processing of PxSCH, the BD and CCE limits should be determined by scheduling serving cell instead.

Proposal-4 For CA with cross-carrier scheduling, the BD and CCE limit for the cross-SCS scheduled cell is determined by active numerology of the 
· scheduled serving cell when being scheduled form a lower SCS cell
· scheduling serving cell when being scheduled from a higher SCS cell 


Remaining aspects of PDCCH candidate mapping rules
In the previous meeting following agreements has been reached:
Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs

Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 

Mapping rules within a serving-cell
Mapping rules agreed (as WA) are a consequence of compromise between complexity and optimality. The common denominator of USS periodicities is 80 and max hashing period is 80 slots (for the highest 120kHz SCS). Therefore, gNB and UE may pre-compute, based on the RRC configuration, a separate presence-bitmap for each USS-set, given CSS presence in the slot. A presence-bitmap contains 80 bits, and a zero/one in the l-th position of the bitmap indicates the absence/presence of a SS-set in slot l, l = 0,1, …79.
However, there are different CSS-sets in NR which may have large periodicities (e.g. 160ms) and even monitoring windows, as in case RAR monitoring, when UE could monitor even once per slot (open). Because of this irregular monitoring, the UE may pre-compute, given RRC, one presence-bitmap per each hypothesis of CSS-set(s) presence in the slot. For example, as shown in Figure 1, UE can be configured with TYPE0 (7 candidates) and TYPE1(2 candidates) CSS-sets and two USS-sets. For each USS-set a UE can compute one presence-bitmap for four hypotheses of CSS-sets presence: 
· HYP1: TYPE0 CSS present in the slot
· HYP2: TYPE1 CSS present in the slot
· HYP3: TYPE0 and TYPE1 CSS present in the slot
· HYP4: No CSS present in the slot

Given the actual presence of CSS-sets in the slot, the UE selects dynamically the “correct” presence-bitmap of each configured USS-set to determine its presence. In the example, small USS-set#2 is always mapped, and USS-set#3 is dropped in some slots due to hashing, when either TYPE0-CSS-set is present or both TYPE0 and TYPE1-CSS-set are present in the slot.     



Figure 1 An example of constructed presence-bitmaps
Generally speaking, the following CSS-sets may have irregular patterns: TYPE0 (periodicities up to 160ms), TYPE0A (details open), TYPE1 (monitoring window of up to 10ms agreed), TYPE2 (details open). This resulting into at most 16 CSS-set-presence hypotheses and given the 6 remaining USS, UE may precompute 16*6=96 presence-bitmaps and store 96x80=7680 bits for this worst-case scenario. Note that TYPE3 CSS is configured the same way as USS. To summarize, even for the worst-case scenario, the amount of storage for pre-computed presence-bitmaps seems reasonable and therefore the WA should be confirmed. 
Furthermore, we think that the same mechanism as for CASE 1 could be applicable to CASE 2. The UE may be configured different USS-sets for different monitoring occasions within a slot, which could be used to introduce implicitly dropping/mapping priorities between monitoring occasions of these USS sets.

Proposal-5: Confirm the WA with the following update:
Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 

Other option to consider, would be to further introduce dropping/mapping with PDCCH granularity within search-space-set. In this case for each PDCCH candidate of USS, 16 CSS hypotheses presence-bitmaps could be precomputed, this resulting in large memory demand and complexity. Therefore, instead, the dropping could be based on assumption of CSS-superset (max PDCCH candidates over configured CSS-sets), leading only to two possible hypotheses for CSS, i.e. superset of CSS present or not. 
Proposal-6: The PDCCH candidate granularity for dropping/mapping could be considered, if dropping/mapping is based on presence of CSS-super-set within the slot, i.e. if at least one CSS-set is present in a slot, the presence of the CSS-superset is assumed for the BD/CCE count in the slot.
Furthermore, the specification text should be updated to reflect the latest agreements on overbooking: 
	If a carrier aggregation capability for a UE, as included in UE-NR-Capability, is larger than 4, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates the UE can monitor per slot when the UE is configured for carrier aggregation operation over more than 4 cells. When the UE is configured for carrier aggregation operation over more than 4 cells, the UE is not expected to be configured with a number of PDCCH candidates to monitor per slot more PDCCH candidates that is larger than the maximum number. 




Mapping rules in CA
If flexible sharing of BDs and CCE limitations across serving cells of the same numerology for self-scheduling according to Proposal-2 is supported, the related dropping / mapping rules would still need to be clarified. When the joint limit of BD and CCE limit ( and ) is reached, in which serving cell the configured USS-set(s) should be dropped/not-mapped needs to be decided. 
We see few alternatives:
· Alt1: The USS-set(s) of a serving cell with the highest cell-ID is dropped before dropping the USS-set(s) of a serving cell with lower cell-ID
· Alt 2: The USS-sets are dropped alternately one per serving cell at turn from highest to lowest cell-ID.
· Alt 3: The  and  are shared in the same ratio as configured candidates in the serving cells (max over configured BWPs), the dropping is performed per serving cell 

[bookmark: _Hlk513725859]Alt1 and Alt 2 are both based on rules defined across the serving cells, which would be the preferred way of operation. However, these alternatives require dynamic coordination between serving cells. Both gNB and UE have to determine jointly whether the limit  or  has been reached in a slot and which USS-sets are to be mapped/dropped from which of the cells in a slot. This requiring very tight dynamic coordination between serving cells. Moreover, determination of presence-bitmap computation would get yet more complex. 
On the other hand, Alt 3 would allow for flexible configuration of PDCCH candidates and such flexible sharing of the aggregated BD and CCE limits ( and ) on configured serving cells of numerology . Mapping rules would be running independently on each serving cell given semi-static configuration, significantly reducing the complexity of PDCCH candidate mapping/dropping. Both BD and CC limits would be shared given the number of configured PDCCH candidates on the cell. For example, if there are altogether 20 PDCCH candidates configured on Pcell and 10 PDCCH candidates configured on Scell, and =24 and =33 then , =22  and  and .
Given the above discussion we have the following proposal:
Proposal-7: If Proposal-2 is agreed, the aggregated BD and CCE limits  and  are shared between the serving cells of the active numerology  in the same ratio as there is ratio of configured PDCCH candidates on the serving cells (max over BWPs configured on a cell).  
· FFS: details
 
Specification corrections reflecting current agreement
In Athens RAN1#92, RAN1 finally agreed  for search-space-set #0
Agreements:
· To adopt the TP for TS38.213 Section 10.1
· Also add one sentence in the spec saying “when the number of REGs is not sufficient for a given aggregation level, the UE is not required to monitor candidates of the given aggregation level”
· Up to spec editor for final wording
=== Start ===
Table 10.1-1: CCE aggregation levels and maximum 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
	1


=== End ===






The spec editor included the following text in TS38.213: “If, for a search space set , a CCE aggregation level , and a control resource set , any CCE index for a second PDCCH candidate   overlaps with any CCE index for a first PDCCH candidate with index , where the PDCCH candidates are indexed in ascending order of a respective first CCE index , the UE is not expected to monitor the second PDCCH candidate with index”
The above text captured by the spec editor seems to be not based on the agreement, which says that candidates with more CCEs than CCEs available in the CORESET are dropped/not-mapped. Instead it forces dropping/not-mapping of fully overlapping candidates of the same AL even if they fit into CORESET. 
If gNB configures more PDCCH candidates  , some candidates will fully overlap, but all will fit to the CORESET. This does not consume additional BDs nor CCEs, moreover smart gNB would not provide such configuration in the first place. 
Configuration of  is not breaking above existing agreement and corresponding specification text shall be removed from TS 38.213. 
The following text proposal should be adopted:
Text proposal TS 38.213 Section 10.1:
	





If, for a search space set , a CCE aggregation level , and a control resource set , any CCE index for a second PDCCH candidate   overlaps with any CCE index for a first PDCCH candidate with index , where the PDCCH candidates are indexed in ascending order of a respective first CCE index , the UE is not expected to monitor the second PDCCH candidate with index


SS#0 (TYPE0) configuration
In RAN1#92b, an issue of misalignment between RAN1 and RAN2 specifications has appeared, this resulting into email discussion [92b-NR-03] [1] and resulting LS sent to RAN2 [2].
The issue stems from the fact that there are idle and RRC connected UEs in the network (if stand-alone NR UEs are present). And, idle UEs (or in initial access) listen to the TYPE0 search-space configured by IE MIB for RMSI, OSI, and paging. To avoid scheduling SIBs, paging, etc. separately for idle and RRC connected UEs (configured handover, or configured PScell), it is beneficial to enable configuration (in dedicated manned) of the same TYPE0 search-space as the one broadcast by MIB in the serving-cell/DL BWP. To solve the issue, RAN2 is planning to use pdcch-ConfigSIB1 to configure TYPE0 search-space-set to RRC connected UEs in dedicated manner. However, during the email discussion one main issue was identified: UE requires an associated SSB to interpret TYPE0 configuration by 8bit pdcch-ConfigSIB1 
RAN2 TS38.331 states that “the IE PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters provided in SIB as well as during handover and PSCell/SCell addition”. And there are several scenarios where SSB might not be present within the cell/DL BWP or association is not known or clear yet. For example,
· a DL BWP does not have SSB, but serving cell has cell-defining SSB
· a Scell in intra-band CA does not have cell-defining SSB at all
· CFRA RACH is based on CSI-RS and associated SSB is missing
On the other hand, we think that in the serving cells/DL BWPs, where SSB is not present (at all), there is no need to enable configuration of large periodicities (5ms, 10ms, 20ms, 40ms, 80ms, 160ms) for monitoring occasions. Regular configuration using SearchSpace IE would be sufficient. Therefore, we propose that specification should enable by choice, configuration of searchSpaceSIB1 by PDCCH-ConfigSIB1 (when associated SSB is known by UE) or SearchSpace.
Also, even if a DL BWP does not have SSB and/or UE is not monitoring it, there is a configuration of SSB for each Pcell/PScell (cell-defining SSB), and UE has enough information to figure out the monitoring occasions given the PDCCH-ConfigSIB1 based on that cell-defining SSB. Therefore, we have the following proposal:  
[bookmark: _GoBack]Proposal-8: Recommend RAN2 to support a configuration of searchSpaceSIB1 by PDCCH-ConfigSIB1 (when associated SSB is known to UE) or SearchSpace by choice in pdcch-configCommon.

	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:
Proposal-1: For CA, a UE/gNB determines the maximum aggregated number of BDs/CCEs per slot over all configured serving cells with active numerology  using the above equation (1). 

Proposal-2: For CA without cross-carrier scheduling,  and  can be shared among the serving cells of the same active numerology  being limited only by the  and  limits per slot per serving cell. 

Proposal-3: At least for the case of the same numerology, a UE capable of cross-carrier scheduling, can monitor up to  and   (BDs and CCEs) on the single scheduling cell. 

Proposal-4 For CA with cross-carrier scheduling, the BD and CCE limit for the cross-SCS scheduled cell is determined by active numerology of the 
· scheduled serving cell when being scheduled form a lower SCS cell
· scheduling serving cell when being scheduled from a higher SCS cell 

Proposal-5: Confirm the WA with the following update:
Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 

Proposal-6: The PDCCH candidate granularity for dropping/mapping could be considered, if dropping/mapping is based on presence of CSS-super-set within the slot, i.e. if at least one CSS-set is present in a slot, the presence of the CSS-superset is assumed for the BD/CCE count in the slot.

Proposal-7: If Proposal-2 is agreed, the aggregated BD and CCE limits  and  are shared between the serving cells of the active numerology  in the same ratio as there is ratio of configured PDCCH candidates on the serving cells (max over BWPs configured on a cell).  
· FFS: details

Proposal-8: Recommend RAN2 to support a configuration of searchSpaceSIB1 by PDCCH-ConfigSIB1 (when associated SSB is known to UE) or SearchSpace by choice in pdcch-configCommon.
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Appendix-A agreements 
Agreements:
· RRC parameter “CORESET-start-symb” is deleted from the RRC parameter list.
Agreements:
· For NR PDCCH associated with the CORESET(s) configured by PBCH, AL=16 is supported.
· For NR PDCCH associated with the CORESET(s) configured by RMSI or UE-specific RRC signaling, AL=16 is supported
· Note: additional complexity, if any, for NR PDCCH channel estimation is to be discussed separately
· Discuss further offline whether or not AL=16 is associated with wideband RS only
Agreements:
· CORESET configured by RMSI is confined within the initial active DL BWP
Agreements:
· For a CORESET configured by UE-specific RRC signaling, DL BWP-specific RB indexing + RB-offset are used to configure frequency-domain resource.
· The length of the bit-map is Floor((N_RB – (ceil(BWP_start/6)*6-BWP_start))/6)
· CORESET starting RB is ceil(BWP_start/6)*6
· For a CORESET configured by PBCH/RMSI, RB indexing is for the initial DL BWP.
Agreements:
· C-SS in each DL BWP of the PCell/PScell
· On C-SS, Yp ,kp= 0.
· In Rel.15, 
· For scheduling RMSI, OSI, Paging, UE monitors common search space in the PCell only
· In addition, for random access and fall back, UE monitors common search space in the PCell and PSCell only
· Working assumption: The UE is not expected to be configured without C-SS on the PCell (PSCell) in the active DL BWP 
· NOTE: RAN1 does not expect additional impact on the UE behavior due to not having PRACH resource in the BWP
· Working assumption: In Rel.15, 
· A UE is expected to monitor C-SS (if configured) in the activated BWP
· Full functionalities of C-SS (scheduling RMSI, OSI, Paging, random access, etc) are supported by the C-SS configured by UE-specific RRC signaling.
· All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.
Agreements:
· C-SS (at least for SFI/PI if configured) in a Scell:
· On C-SS, Yp ,kp= 0.
· Working assumption: All RRC parameters defined for UE-SS are also defined for C-SS that is configured by UE-specific RRC signaling.
Agreements:
· Introduce a linkage between search space set and CORESET via an index to the CORESET configuration
· CORESET is removed from the search space configuration
· In Rel-15, the max no. of CORESETs configurable for a BWP in a cell for a UE is [3]
· In Rel-15, the max no. of search space sets configurable for a BWP in a cell for a UE is [10]
Agreements:
· Scrambling for PDCCH (after channel coding) is supported.
· No additional RRC parameter is necessary.
· Re-use the ID for DMRS initialization.
Conclusion:
· It is clarified that Mp,maxL is the maximum of “configured” number of PDCCH candidates for the given aggregation level L across all serving cells scheduled by the search space
Agreements:
· UE is not expected to receive PDSCH type A in the same slot if the PDCCH monitoring is after the first two or three symbols of a slot
· Note: PUSCH mapping is up to MIMO decision
Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
· The numbers in bracket in the following table can be further adjusted but not to be increased
· X<=16, Y<=8
· FFS whether or not to have case 2’, where the values of X and/or Y can be smaller than case 2
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]



Working assumption:
· For PDCCH monitoring for receiving RMSI, the number of PDCCH candidates are following:
· 4 candidates for AL = 4 
· 2 candidates for AL = 8
· DCI size for RMSI scheduling and DCI size for OSI scheduling are the same
· FFS: Paging and fallback
Agreements:
· The maximum number of CORESETs per BWP per cell is 3
· For the 3rd CORESET, i.e., for p=2, Ap=39839.
· Confirm 10 as the maximum number of search space sets per BWP per cell.

R1-1801079	Offline discussion for search space	NTT DOCOMO, INC.
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
Agreements:
· DCI format 0_1 and 1_1 are monitored only in USS.
· DCI format 0_0 and 1_0 are monitored in CSS.
· DCI format 0_0 and 1_0 can be monitored in USS.
· They have the same DCI payload size.
· One of the following is configured by RRC signaling for the USS:
· Monitoring DCI format 0_1 and 1_1 only
· Monitoring DCI format 0_0 and 1_0 only

Offline discussion on the set of RNTIs associated with CSS & USS, especially taking into account the respective set of DCI formats/sizes monitored for CSS & USS
Discuss till next meeting

R1-1801129	Offline discussion for search space	NTT DOCOMO, INC.
Agreements:
· NR supports a DCI format having the same size as the DCI format 1_0 to be used for scheduling RMSI/OSI, for Paging, and for random access.
Agreements:
· For each search space configuration configured by UE-specific RRC signaling, the UE is informed whether the search space configuration is CSS or USS, together with the following information, as part of the search space configuration:
· Which DCI format(s) to monitor
· For a CSS,
· DCI format 0_0 and DCI format 1_0
· In which case, the UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI
· DCI format 2_0
· In which case, the UE monitors the DCI format with CRC scrambled by SFI-RNTI, and the SFI-related parameters SFI-PDCCH is provided as part of the search space configuration
· FFS: how to select one or two decoding candidates if the configured PDCCH candidates are larger than the value
· DCI format 2_1
· In which case, the UE monitors the DCI format with CRC scrambled by INT-RNTI, and the PI-related parameters Preemp-DL is provided as part of the search space configuration
· DCI format 2_2
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI
· DCI format 2_3
· In which case, the UE monitors the DCI format with CRC scrambled by TPC-SRS-RNTI
· Monitoring of multiple DCI formats can be configured for one CSS
· For USS,
· A UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
· Further discussion offline the association of the RNTIs with DCI formats 
· Monitoring of multiple DCI formats can be configured for one USS
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

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
Agreements
· For the following previous agreement, N=4
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 (no more than 8).
Agreements:
· Confirm the value for Case 1-2. X=0 and Y=0 for Case 2. No consensus on additional Case 2’.
	Max no. of PDCCH BDs per slot
	SCS

	
	15kHz
	30kHz
	60kHz
	120kHz

	Case 1-1
	44
	36
	22
	20

	Case 1-2
	[44]
	
	
	-

	Case 2
	[44+X]
	[36+Y]
	[22+Y]
	[20]


Agreements:
· To adopt the TP for TS38.213 Section 10.1
· Also add one sentence in the spec saying “when the number of REGs is not sufficient for a given aggregation level, the UE is not required to monitor candidates of the given aggregation level”
· Up to spec editor for final wording
=== Start ===
Table 10.1-1: CCE aggregation levels and max 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
	1


=== End ===
Agreements:
· The number of CCEs for PDCCH channel estimation which refers to the union of the sets of CCEs for PDCCH candidates to be monitored, regardless of which REG-bundle size or precoder granularity.
· Overlapped CCEs associated with different CORESETs are counted separately.
· Overlapped CCEs associated with different PDCCH starting symbols with the same or different search space sets with the same CORESET are counted separately.
· Overlapped CCEs associated with same or different search space sets with the same PDCCH starting symbol associated with the same CORESET are counted one.
· Note: in the above, the overlapping CCEs for candidates for a given search space set with different starting symbols are assumed to be supported.
Agreements:
· Change Y_{p, kp} to Y_{p, ns,f }  in the search space hashing function in subclause 10.1 of 38.213, where the index ns,f  is the slot number.
· (Working assumption) The reset of the update is per radio frame
Agreements:
· The UE capability signaling for PDCCH BDs in CA is integer value from {4, …, 16}.
· Discuss further whether or not to restrict the combination of the number of CCs that a UE can support vs. the number of PDCCH BDs indicated via UE capability signalling
Agreements:
· Mp,maxL is Mp,s,maxL  which is the maximum number of PDCCH candidates for the given aggregation level L across all serving cells for the given search space set s for the given CORESET p
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
Agreements: 
· Adopt following TP (38.213)
=== Start ===
A UE determines a PDCCH monitoring occasion from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot. For the search space set s in the control resource set p, the UE monitors PDCCH in a slot where  is satisfied, with nf being the frame number. 
=== End ===
Agreements:
· For Rel.15 December 2017 version of Case 2, number of CCEs for channel estimation per slot is {56, 56, 48, 32} CCEs for SCS {15kHz, 30kHz, 60kHz, 120kHz}

Agreements:
· UE is not expected to be configured with PDCCH monitoring in CSS(s) for more than what UE can monitor in terms of numbers of BDs/CCEs

Agreements:
· Following working assumption is made:
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of PDCCH blind decodes per slot the UE shall support is X*M, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology Y > 4, maximum number of PDCCH blind decodes per slot the UE shall support is y*M, where;
· M = {44, 36, 22, 20} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.
· For a UE supporting CA with up to X DL-CCs with the same numerology with X <= 4, maximum number of CCEs for channel estimation per slot the UE shall support is X*N, and;
· For a UE supporting CA with up to Y DL-CCs with the same numerology with Y > 4, maximum number of CCEs for channel estimation per slot the UE shall support is y*N, where;
· N = {56, 56, 48, 32} for SCS = {15kHz, 30kHz, 60kHz, 120kHz}
· y is an integer from {4, …, 16} and is reported as UE capability to the network.

Agreements:
· The working assumption as part of the agreements below is confirmed:
· Change Y_{p, kp} to Y_{p, ns,f }  in the search space hashing function in subclause 10.1 of 38.213, where the index ns,f  is the slot number.
· (Working assumption) The reset of the update is per radio frame
Agreements:
· A UE is not expected to be configured to monitor PDCCH across a slot boundary.

Working assumption:
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with C-RNTI is monitored in non-DRX occasions after C-RNTI is available.
· For a common search space configured with RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, and ra-searchSpace, DCI format 0_0/1_0 with CS-RNTI is monitored in non-DRX occasions after CS-RNTI is available.

Agreements:
· Following is to be clarified in 213:
· Type0-CSS is configured by RMSI-PDCCH-Config provided by MIB or is configured by searchSpace-SIB1 provided by PDCCH-ConfigCommon
· Type0A-CSS is configured by searchSpace-OSI provided by PDCCH-ConfigCommon
· Type1-CSS is configured by ra-SearchSpace provided by PDCCH-ConfigCommon
· Type2-CSS is configured by pagingSearchSpace provided by PDCCH-ConfigCommon
· Type3-CSS is configured by a SearchSpace with the searchSpaceType “common” provided by PDCCH-Config

Working assumption:
· At least for Case 1-1 and Case 1-2, map all candidates of USS  search-space-set with lower SS set ID before candidates of USS with higher ID 
· If all candidates in a SS set can’t be mapped, any candidates in the SS set and in any subsequent SS sets are dropped (not mapped)
· Case 2 FFS 
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