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Introduction
In RAN plenary #78, the release 15 NR specifications were approved. Furthermore, it was agreed that during the first 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 #92, #AH1801 and RAN1 #91 are summarized in Appendix B for reference. 
The discussion on PDCCH candidate mapping under agreed CCE and BD limits imposed by chipset capability can be found in our accompanying contribution [1]. 
On PDCCH monitoring limits 
PDCCH monitoring in CA:
Agreements:
· [bookmark: _Hlk510100336]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

RAN1#92 agreement above says that for UEs supporting 4 and more serving cells, the capability is reported as integer number M between 4 and 16. Further, RAN1#92 agreements defined the BD and CCE limits per serving cell per slot of numerology . 

For up to C=4 configured serving cells and when capability M is larger or equal to the number of configured cells C, the BD and CCE limits simply follow the agreed values per cell per slot and active numerology of the serving cell. For example, if two serving cells are configured, the first cell with BWPs of  and the other with BWPs of , the BD limit at the first cell would be 44 and on the other cell 36. 

For the case when M<C, some new rule shall be defined. For example, if UE reports M=4, but 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) BDs per slot and the  cells could have all together floor(2*4/5*36) BDs per slot. The pool of the BDs of numerology can be shared between serving cell of that numerology, but cannot exceed the limit agreed per serving cell and per slot in a single serving cell. This example can be generalized with the following equation, the BD limit for serving cells with active numerology  is defined:

 for C>M (1)

where is the BD limit per numerology  per serving cell per slot, agreed in Athens, M is capability reported by the UE, C is the total configured number of serving cells and  is the number of serving cells with active numerology . 


Proposal-1: For CA, when number of configured cells is larger than reported BD capability, the UE/gNB determines the maximum allowed aggregated number of BDs over all configured serving cells with active numerology  using the above equation (1).
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. The same mechanism can apply also in terms of BDs for the case when UE reports capability M, gNB configures C serving cells and C≥M. 

Proposal-2: For cross-numerology/SCS 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 

Number of valid DCIs in a slot
NR R15 specification supports:
· cross-slot scheduling with K0 and K2, 
· parallel reception of slot and mini-slot (as capability),
· mini-slot scheduling,
· cross-carrier scheduling from lower SCS to higher SCS, and 
· various types of group-common PDCCHs
resulting into the need to transmit multiple DCIs in a slot for a UE.
In LTE, UE expects at most 1 DL assignment and 1 UL grant with C-RNTI per cell in a slot in FS1, at most 1 DL assignment and 2 UL grants for FS2, and up to 1DL assignment, 4 UL grants, 1 group common DCI for FS3. Given the above new NR use-cases, the number of DCIs per slot per serving cell should be higher for NR than for LTE. We think that similarly to LTE, the UL grants and DL assignments should have separate limits. In addition, these limits could depend on numerology, and the limits should apply only to DCIs transmitted with C-RNTI.
Proposal-3: 
· For 15 kHz SCS, A NR R15 UE not supporting Case 2 monitoring, supports per slot per serving cell
· up to [8] valid UL grants transmitted with C-RNTI 
· up to [4] valid DL assignments transmitted with C-RNTI 
· FFS other numerologies
· For 15 kHz SCS, A NR R15 UE, supporting Case 2 monitoring supports per slot per serving cell
· up to [16] valid UL grants transmitted with C-RNTI 
· up to [8] valid DL assignments transmitted with C-RNTI
· FFS other numerologies
Specification corrections reflecting current agreements
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 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 ===








The spec editor included the following text in TS38.213: “If, for a UE, any CCE index for PDCCH candidate with index  with aggregation level  in control resource set  overlaps with any CCE  index for PDCCH candidate with index   with aggregation level  in control resource set , where , the UE is not expected to monitor the PDCCH candidate with index.”
The text captured by the spec editor does not even vaguely resemble the spirit of the above 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 even partially overlapping candidates of the same AL. The following text proposal should be adopted instead:
Text proposal TS 38.213 Section 10.1:
	If a search-space-set s in a CORESET p of the UE comprises candidates of aggregation level L, where , then these candidates are not mapped to the search-space. 



The following agreement from RAN1#91 is not properly captured in the specification
Agreements1:
PDCCH candidates having different DCI payload sizes count as separate blind decodes
PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.
PDCCH candidates in different CORESETs count as separate blind decodes.
PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

Text proposal TS 38.213:
	
Table 10.1-2 provides the maximum number of PDCCH candidates, , across all CCE aggregation levels and across all DCI formats with different size in a same all search space set(s) that a UE is expected to monitor per slot and per serving cell as a function of the subcarrier spacing. PDCCH candidates having the same DCI formats of the same size and comprised by the same set of CCE(s) in different search space sets in the same control resource set count as one blind decode.   



Table 10.1-2: Maximum number of PDCCH candidates per slot and per serving cell as a function of the subcarrier spacing value  kHz, .
	

	
Maximum number of PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20







Time dependency of hashing 
In Vancouver RAN1 agreed:

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 Athens RAN1 agreed: 
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: 
· 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 ===


According to working assumption, the randomization element is reset each radio frame, i.e, every (10,20,40,80) slots for SCSs (15,30,60,120) kHz. Therefore, the search-space-sets with periodicities 10,16 and 20 with 15kHz SCS will have constant hashing, and similar issue occurs for periodicities 16 and 20 for 30kHz SCS. To provide randomization for the mentioned cases, we suggest adopting numerology-independent reset of hashing function  every 80 slots. 
Proposal-4: Confirm the WA with the following update  
· 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 80 slots 
On implicit selection of PUCCH resources by selection of PDCCH candidate
In RAN1#92, the following agreement was reached regarding the determination of the PUCCH after dedicated PUCCH resource set up:
Agreements:
· 3-bit ARI for DCI 1_0 and DCI 1_1
· At least 8 (up to 32) PUCCH resources can be configured in a resource set with [image: ]
· CCE-index-based implicit mapping is additionally used when >8 resources are configured.
· Note: Increasing RRC value range from 8 to 32
· 8 PUCCH resources are configured in a resource set with [image: ].
· No implicit mapping
· Note: Changing RAN1#91 agreement.

The PUCCH resource set, with a UCI payload size of up two bits, consists of up to 32 PUCCH resources, and the ARI field in the DCI is 3 bits. If there are more than 8 PUCCH resources in the PUCCH resource set an implicit mapping function, in addition to the 3-bit ARI field, is used to determine the PUCCH resource. The definition of this mapping function is open in the specification. 38.213 states:
“ …. the UE determines a PUCCH resource from the PUCCH resources indicated by the PUCCH resource indicator field value through a mapping function to other parameters that include a CCE index of a corresponding PDCCH.”

The PUCCH resources are divided into eight subsets. Each subset contains one to four PUCCH resources. The ARI selects one of the eight subsets. The eight subsets are determined as follows:
Let S be the PUCCH resource set of size N, . Let  be the m-th subset of S, where . The size of each subset  is given by:

The elements of each subset are given by:

Proposal-5: For a PUCCH resource set corresponding to a UCI payload of up to 2 bits. The PUCCH resource set S of size N, , is sub-divided into 8 PUCCH resource subsets . The elements of each subset are given by:


The mapping function, based on the CCE of the PDCCH scheduling the corresponding PDSCH, selects a resource within a subset if there is more than 1 PUCCH resource in the subset.
We discuss the alternative mapping functions highlighting the pros and cons of each.
· Option 1: The mapping function can be based on the modulo of the starting CCE index divided by the aggregation level and  [2][3]:

Where,  is the CCE starting index of the corresponding PDCCH. L is the aggregation level of PDCCH, and  [3] is a pseudo random function of the slot index that can be optionally included.
The PUCCH resource subset is determined based on the following hashing formula [TS 38.213 section 10.1]:


.
The set of CCEs in a CORESET is split into subbands, where  is number of configured PDCCH candidates for AL L in search-space-set s in CORESET p. As shown also in Table 1, an issue with the modulo based approach for implicit mapping between the CCE and the PUCCH resource is the lack of flexibility in selecting any PUCCH resource within the PUCCH resource subset. The example in Table 1 highlights a case when this could happen.
If we take , L = {8,4,2,1},  , all the candidates point to resource r=0. 
· Option 2: An alternative method to using the modulo operation is to divide the CCEs allocated to the PDCCH search space into  subbands, and depending on the subband of the starting CCE, a PUCCH resource is selected. This is done according to the following equation.

This method provides more flexibility, compared to Option 1, in selecting the PUCCH resource based on the CCE used for the transmission of the PDDCH. This is demonstrated on the same example from Option 1 and illustrated in Table 2.
· Option 3: The CCE start index is determined based on a hashing (given above) that uses a candidate index  to determine the CCE start index of each PDDCH candidate in the search space. By defining a candidate index m’ across aggregation levels (ALs), for example, starting from highest AL (AL16) to lowest AL (AL1), of a search space set, we can use index m’ to implicitly determine the PUCCH resource within a PUCCH resource subset. This can be done according to the following equation:
,
Where,  and where  denotes the configured number of PDCCH candidates of aggregation level L for search space set s associated with CORESET p.  is a pseudo-random number to reduce multi-user blocking (e.g. taken from the PDCCH hashing function), or . The association of index m’ to the AL L is formally given by
[bookmark: _Hlk510742535],		with .

One advantage of option 3 (i.e. using the PDCCH resource index m’) over option 2 (i.e. using the subband of the starting CCE) is in case the number of PDCCH candidates per aggregation level is less than the number of PUCCH resources,  per PUCCH resource subset. For the same example as in Option 1, the implicit mapping of Option 3 is demonstrated in Table 3.
Table 1: PUCCH resource r determination based on the Option 1 , (green, red, yellow, blue) candidates correspond to r=0,1,2,3

	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
	
	
	



[bookmark: _Ref510177866]
Table 2: PUCCH resource r determination based on the Option 2 (green, red, yellow, blue) candidates correspond to r=0,1,2,3
	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
	
	
	



[bookmark: _Hlk509350081]
Table 3 PUCCH resource r determination based on the Option 3, , (green, red, yellow, blue) candidates correspond to r=0,1,2,3
	CCE
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	AL8
	8-0
	8-1

	AL4
	4-0
	
	4-1
	

	AL2
	2-0
	
	2-1
	
	2-2
	
	2-3
	

	AL1
	1-0
	
	
	
	1-1
	
	
	
	1-2
	
	
	
	1-3
	
	
	





Using option 2, it is only possible to select the same two PUCCH resources out of the 4 PUCCH resources for PDCCH aggregation levels 4 and 8. However, with option 3, the PDCCH resource index m’ is incremented consecutively across all aggregation levels. In case the channel conditions are such that at least AL4 is needed to meet the PDCCH reception criteria it would be possible to select any PUCCH resource in a PUCCH resource subset by either using AL4 or AL8. Based on this discussion, we see an advantage for option 3 over option 2. The implicit mapping option 3 is illustrated in Figure 1.

Proposal-6: The implicit indication of ACK/NACK resource on PUCCH is based on a PDCCH candidate index m’ running over the search space set, where the mapping has the form , Y is a pseudo-random value and r = 0, 1, …, -1 is an index to one out of  PUCCH resources.

[image: ]
[bookmark: _Ref510789093]Figure 1: Implicit mapping of PDCCH candidate index m’ running over the search space set to one out of |Rm| PUCCH resources in a PUCCH resource subset.  

	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, when number of configured cells is larger than reported BD capability, the UE/gNB determines the maximum allowed aggregated number of BDs over all configured serving cells with active numerology  using the above equation (1).
Proposal-2: For cross-numerology/SCS 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-3: 
· For 15 kHz SCS, A NR R15 UE not supporting Case 2 monitoring, supports per slot per serving cell
· up to [8] valid UL grants transmitted with C-RNTI 
· up to [4] valid DL assignments transmitted with C-RNTI 
· FFS other numerologies
· For 15 kHz SCS, A NR R15 UE, supporting Case 2 monitoring supports per slot per serving cell
· up to [16] valid UL grants transmitted with C-RNTI 
· up to [8] valid DL assignments transmitted with C-RNTI
· FFS other numerologies
[bookmark: _GoBack]Proposal-4: Confirm the WA with the following update  
· 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 80 slots 
Proposal-5: For a PUCCH resource set corresponding to a UCI payload of up to 2 bits. The PUCCH resource set S of size N, , is sub-divided into 8 PUCCH resource subsets . The elements of each subset are given by:

Proposal-6: The implicit indication of ACK/NACK resource on PUCCH is based on a PDCCH candidate index m’ running over the search space set, where the mapping has the form , Y is a pseudo-random value and r = 0, 1, …, -1 is an index to one out of  PUCCH resources.
Proposal-7: Consider adopting LTE PDCCH hashing function for NR CSS.

[bookmark: _Hlk505720451]References 
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Appendix-A CSS and USS blocking in CORESET#0
With configuration ALs {4, 8, 16} and number of candidates {4, 2, 0}, a common search space (CSS) with NR hashing will occupy 24 CCEs, for a TYPE0 CCS CORESET of 48CCEs, while with the hashing function of LTE PDCCH the CSS set would occupy only 16 CCEs. This is because hashing function of LTE PDCCH results in full nesting for a CSS set.
With configuration ALs {4, 8, 16} and number of candidates {4, 2, 1} a common search space (CSS) set in NR with NR hashing will occupy 28 CCEs, for a TYPE0 CCS CORESET of 48CCEs, while with the hashing function of LTE PDCCH the CSS set would occupy only 16 CCEs. This is because hashing function of LTE PDCCH results in full nesting for a CSS set, as illustrated in Figure 2. In Figure 2, the CCE footprint of CSS set is shown in dark blue, while the CCEs exclusively available for USS are shown in light green.
[image: ]
[bookmark: _Ref510019117]Figure 2: CCE footprint (in dark blue) for CSS set obtained with hashing function of LTE EPDCCH (top) versus hashing function of LTE PDCCH (bottom), associated with CORESET comprising 48 CCEs (0…47).

To provide a quantitative example, in Figure 3 we depict the simulated multi-user blocking probability of USS when CORESET of 48CCEs carries CSS and additionally configured USS. In Figure 3, it can be seen that CSS (LTE EPDCCH hashing) causes more blocking to the additionally configured USS (LTE EPDCCH hashing) compared to CSS (LTE PDCCH hashing) on TYPE0-CSS CORESET of size 48CCE.  
Observation-2: CSS (LTE EPDCCH hashing) causes more blocking to additionally configured USS (LTE EPDCCH hashing) compared to CSS (LTE PDCCH hashing) on TYPE0-CSS CORESET of size 48CCE for ALs = [0, 0, 4, 2, 0] or [0, 0, 4, 2, 1] for CSS and [6, 6, 2, 2, 0] for USS for ALs [1, 2, 4, 8, 16].
In addition, LTE hashing would solve the issue with configuration of SFI GC-PDCCH, as two candidates would be always aligned with candidates of other configured common search space sets. 
Proposal-7: Consider adopting LTE PDCCH hashing function for NR CSS.

[image: ]
[bookmark: _Ref510020654]Figure 3 Multi-user blocking probability on USS, when carrying CSS and USS on the same CORESET, with a variety of CSS assignments.

The following assumptions were used:
· Same CORESET for CSS and USS, comprising 48CCEs.
· Number of ALs = [0, 0, 4, 2,0] and [0, 0, 4, 2, 1] for CSS and [6, 6, 2, 2, 0] for USS for ALs [1, 2, 4, 8, 16].
· USS uses NR hashing function (i.e. hashing function of LTE EPDCCH).
· CSS uses hash function with randomization disabled (i.e. Y=0), either LTE PDCCH (16CCEs), or LTE EPDCCH without AL16 (24 CCEs), or LTE EPDCCH with AL16 (28 CCEs), or hashing of LTE EPDCCH with nesting (16CCEs), either nesting under the PDCCH candidates of AL4 or AL8.
· CSS CCEs are assumed as being fully occupied with CSS DCIs (i.e. up to 4 CSS DCIs per slot), and USS is truncated by all PDCCH candidates having at least partial overlap with CSS CCEs.
· On USS, it is assumed that per user one DCI is transmitted per slot with fall-back to higher ALs enabled, and the probabilities of ALs [1, 2, 4, 8] are given by [0.4, 0.3, 0.2, 0.1]. 
More details on the methodology used for simulating the multi-user blocking probability can be found in [1].

Appendix-B 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 ===
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