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[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In RAN#81, cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell was postponed to Rel-16 and will be completed under DC and CA enhancements WI targeting RAN#84. In this contribution, issues about cross-carrier scheduling with different numerologies are discussed. 
The limit of BDs/CCEs 
From RAN1#93 to RAN1#95, a couple of agreements have been achieved for the limit of BDs/CCEs for CA except the cases for cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell.  All the scenarios and the corresponding agreements already reached are summarized in Table 1. 
		
[bookmark: _Ref533599125][bookmark: _Ref520507475][bookmark: _Ref521679536]Table 1  Summary of the scenarios and agreements for the limit of BDs/CCEs for CA
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
(for all DL serving cells)
	Mixed numerologies

	
	
	
	
	Different numerologies between scheduling cell and scheduled cell
	Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells

	T=<4 or 4<T=<y
	Case 1
1) The limit per CC per slot equal to the limit for non-CA case
2) NW ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
	Case 4
1) The limit of the scheduling CC per slot is (number of schedulable CCs)*limit for non-CA case
2) Per CC non-CA limit and no overbooking for SCell
	Case 6-1
Will be discussed in Rel.16
	Case 6-2
Same as Case 4.

	T>4 and T>y
	Case 2
1) The total limit across CCs is based on BD capability and can be split across CCs, subject to the non-CA limit on each CC.
2) For SCell, NW ensures no overbooking based on non-CA case occurs.
	Case 3
1) The total limit across CCs per numerology i is given by Floor {Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i, subject to the non-CA limit on each CC.
2) For SCell, NW ensures no overbooking based on non-CA case occurs.
	Case 5
Same as Case 2.
	Case 7-1
Will be discussed in Rel.16
	Case 7-2
Same as Case 3.

	Note: 
T: The number of DL-CCs aggregated (1, .., 16); y: BD capability (4, …, 16)



In the offline summary for PDCCH structure and search space [1] in RAN1#94, the following alternatives were provided:
· Alt.1: The limit of BDs/CCEs of the scheduling CC is determined based on the numerology of the scheduling CC.
· Alt.2: The limit of BDs/CCEs of the scheduling CC is determined based on the combinations of numerologies for {scheduling CC, scheduled CC}.
· Alt.3: The limit of BDs/CCEs of the scheduling CC is determined based on a specific reference numerology regardless of the exactly used numerology for scheduling CC or scheduled CC.
For convenience, the formula and limit of BDs with three examples for each alternative are listed in Table 2 and Table 3 for Case 6-1 and Case 7-1 respectively.
For Case 6-1: 
· If there are N scheduling cells where the numerology of the active DL BWP of the nth scheduling cell is , n=1~N and =0~3, and the nth scheduling cell has  schedulable DL cells with active DL BWPs having numerology i=0~3 and totally hasschedulable DL cells, the limit of BDs/CCEs of the nth scheduling cell per slot is given by the formula in Table 2, where Mi and Ni denote the non-CA limit of BDs and CCEs per slot for numerology i, respectively. The relationship between   and  is .


Figure 1  Example 1-scheduling cell SCS: 15kHz, scheduled cell SCS: 120kHz


Figure 2  Example 2-scheduling cell SCS: 120kHz, scheduled cell SCS: 15kHz


Figure 3 Example 3-scheduling cell SCS: 30kHz, scheduled cell SCS: one 15kHz and one 120kHz

[bookmark: _Ref533610305]Table 2 the limit of BDs for Case 6-1
	Alternatives
	Formula of the limit of BDs/CCEs of the nth scheduling cell with active DL BWP having numerology  per slot 
	BDs limit for Example 1
	BDs limit for Example 2
	BDs limit for Example 3

	Alt.1
	
	44*2=88 per 1ms
	20*2=40 per 0.125 ms
	36*3=108 per 0.5 ms

	Alt.2
	
	44+20*=44+20*8=204 per 1ms
	Floor(20+44*)=Floor(25.5)=25 per 0.125 ms
	36 + 44*+20*
=36+44/2+20*4=138 per 0.5 ms

	Alt.3
	
	44*2=88 per 1ms
	44*2*=11 per 0.125 ms
	44*3*=66 per 0.5 ms

	Note
	·  is the number of DL cells with active DL BWPs having numerology i which are schedulable by the scheduling cell with active DL BWP having numerology .
·  is the number of DL cells which are schedulable by the scheduling cell with active DL BWP having numerology .



For Case 7-1: 
· If there are N scheduling cells where the numerology of the active DL BWP of the nth scheduling cell is , n=1~N and=0~3, and the nth scheduling cell has  schedulable DL cells with active DL BWPs having numerology i=0~3, the total limit of BDs/CCEs across scheduling cells with the same numerology per slot is given by the formula given in Table 3, where Mi and Ni denote the non-CA limit of BDs and CCEs per slot for numerology i, respectively.


Figure 4 Example 4- a scheduling cell SCS: 15kHz with one 15kHz and one 30kHz SCS scheduled cell; another two self-scheduling cells: one 15kHz and one 30kHz SCS

[bookmark: _Ref533610467]Table 3 the limit of BDs for Case 7-1
	Alternatives
	Formula of the total limit of BDs/CCEs across scheduling cell(s) with active DL BWP(s) having numerology  per slot of 
	BDs limit for Example 4, assuming y = 4

	Alt.1
	
	For scheduling cell(s) with 15k SCS:
Floor(44*4/5*4)= 140 per 1ms
For scheduling cell(s) with 30k SCS:
Floor(36*1/5*4)=28 per 0.5 ms

	Alt.2
	

	For scheduling cell(s) with 15k SCS:
Floor(44*3/5*4+2*36*1/5*4)=163 per 1ms;
For scheduling cell(s) with 30k SCS:
Floor(36*1/5*4)=28 per 0.5ms

	Alt.3
	

	For scheduling cell(s) with 15k SCS:
Floor(44*4/5*4)= 140 per 1 ms;
For scheduling cell(s) with 30k SCS:
Floor(44/2*1/5*4)= 17 per 0.5 ms;

	Note
	·  is the total number of DL cells with active DL BWPs having numerology i which are schedulable by the scheduling cell(s) with active DL BWP(s) having numerology .
·  is the total number of DL cells which are schedulable by the scheduling cell(s) with active DL BWP(s) having numerology .
·  is the number of DL cells with active DL BWPs having numerology i.


According to above comparison, Alt.1 or Alt.3 are simple ways to calculate the limit of BDs/CCEs and increase lighter burden for the scheduling cell with lower SCS. Therefore, the following proposals are given:
Proposal 1: For Case 6-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T<4 or y>T): 
· The limit of BDs/CCEs of a scheduling cell per slot is (the number of DL cells schedulable by the scheduling cell) * (the limit of BDs/CCEs for non-CA case with the numerology of the active DL BWP of the scheduling cell).
· The limit of BDs/CCEs of the scheduling cell that is split to each DL cell is subject to the limit of BDs/CCEs per slot per cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

Proposal 2: For Case 7-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T > 4 and y < T): 
· If a UE is configured with  DL cells with active DL BWPs having numerology j, j=0,…,3,  the total limit of BDs/CCEs across scheduling cell(s) with active DL BWP having numerology i is given by Floor per slot of numerology i, where  is the number of cells schedulable by the scheduling cell(s), and  and  are the limit of BDs and CCEs per slot of numerology i for non-CA case.
· The total limit of BDs/CCEs of scheduling cell(s) with active DL BWP having the same numerology can be split across DL cells schedulable by the scheduling cell(s), with the limit for each DL cell subject to that of BDs/CCEs of each cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Causality for CA with Cross-carrier scheduling 
In RAN1#93, the issue of extra buffer size was raised for cross-carrier scheduling across different numerologies [3]. Only after successfully decoding PDCCH, UE knows the actual resources of PDSCH transmission. Therefore, UE needs to buffer all the possible PDSCH occasions until finishing the PDCCH processing. As shown in Figure 5(a), given that the processing time is 11 symbols, UE needs to buffer 14 symbols for self-scheduling case, i.e., 3 symbols of PDCCH duration plus 11 symbols of processing time. As a comparison, for 30kHz cell scheduling 60kHz cell case in Figure 5(b), UE needs to buffer 17 symbols, i.e. 6 symbols of PDCCH duration plus 11 symbols of processing time. Note that the extra buffer size issue happens only if SCS of the scheduling cell is smaller than SCS of the scheduled cell.
[image: ]
[bookmark: _Ref533675324]Figure 5  Extra buffer size issue for cross-carrier scheduling across different numerology
The following offline proposal including two alternatives were given in RAN1#94 [2]:
Offline Proposal: 
· When configured with Case 1-1 PDCCH monitoring, a UE is not expected to be cross-carrier scheduled PDSCH with CIF unless K0>=X according to the following tables. (Select between Alt 1 and Alt 2)

[bookmark: _Ref533676035]Table 4  Alt 1: Proposed minimum values X
	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	1 (35.71us margin) 
	1
	0
	

	120 kHz
	2 (35.71us margin)
	1 (17.86us margin)
	1 (53.57us margin)
	0



[bookmark: _Ref533676040]Table 5  Alt 2: Proposed minimum values X
	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1 (285.7us)
	0
	
	

	60 kHz
	2 (285.7us)
	1 (142.9us)
	0
	

	120 kHz
	3 (160.7us)
	2 (142.9us)
	2 (178.6us)
	0



According to the value of X and margin provided in Table 4 and Table 5,  Figure 7 illustrates possible  scheduling occasions for both Alt.1 and Alt.2 in different cross-carrier scheduling cases. The cases of scheduling CC 30 kHz /scheduled CC 60 kHz and scheduling CC 30 kHz /scheduled CC 120 kHz are not included since they are the same as the cases of scheduling CC 15 kHz /scheduled CC 30 kHz and scheduling CC 15 kHz /scheduled CC 60 kHz.
	

	(a) Scheduling CC: 15 kHz, Scheduled CC: 30 kHz


	

	(b) Scheduling CC: 15 kHz, Scheduled CC: 60 kHz


	

	(c) Scheduling CC: 15 kHz, Scheduled CC: 120 kHz


	

	(d) Scheduling CC: 60 kHz, Scheduled CC: 120 kHz


[bookmark: _Ref524792653]Figure 6 Alt1 and Alt2 for minimum values X and margin
It can be seen that, in general, Alt2 has same or larger value of X and larger value of margin than Alt 1 for the same case. The meaning of margin and how it impacts on scheduling is not very clear in the offline proposal. The value of X combined with margin in most cases in the tables follow our previous proposal: “if the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH earlier than the ending time of PDCCH occasion”. The duration of PDCCH seems to be assumed to be fixed at 3 symbols on the scheduling CC in the offline proposal.  And in a special case of scheduling CC 60 kHz /scheduled CC 120 kHz, 2 more symbols gap on the scheduled CC are observed. For flexible PDCCH duration and more efficient scheduling considering PDCCH processing, a simple and unified Alt3 given below is preferred for all the cross-carrier scheduling cases with small SCS on scheduling cell:
Alt 3: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH starting earlier than the ending time of PDCCH processing.

Figure 7 Alt 3 for cross-carrier scheduling with smaller SCS on the scheduling cell
The time of PDCCH processing may be one or two symbol duration in the scheduling cell after the end of the PDCCH.
	
	


[bookmark: _Ref60232]Figure 8 timing of PDCCH and PDSCH in current spec
In current spec, as illustrated in Figure 8, the following timing of PDCCH and PDSCH are defined for Type A and Type B PDSCH.
“The UE is not expected to receive a PDSCH with mapping type A in a slot, if the PDCCH scheduling the PDSCH was received in the same slot and was not contained within the first three symbols of the slot. 
The UE is not expected to receive a PDSCH with mapping type B in a slot, if the first symbol of the PDCCH scheduling the PDSCH was received in a later symbol than the first symbol indicated in the PDSCH time domain resource allocation.”
For cross-carrier scheduling with smaller SCS, PDCCH within the first start 3 symbols of the slot of scheduled PDSCH is a corner case only when cell with 15 kHz SCS cross-carrier scheduling cell with 30 kHz SCS and one symbol duration PDCCH received at the first symbol of the slot of the scheduled PDSCH . The timing of PDCCH and PDSCH for Type A PDSCH and Type B PDSCH can be considered together.
In previous discussion, only PDCCH Case 1-1 is considered. As depicted in Figure 9, the same principle of Case 1-1 can be reused for PDCCH Case 1-2 and Case 2.
	
	

	Case 1-2
	Case 2


[bookmark: _Ref62564]Figure 9 PDCCH Case 1-2 and Case 2
To a unified solution for both Type A and Type B PDSCH scheduling, the following proposal is given:
Proposal 3: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH starting earlier than the ending time of PDCCH processing.

The number of valid DCI
In current R15 RAN1 NR UE features [4], the following descriptions are captured:
· FG #3-5b:
· All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols in which PDCCH is configured to be monitored.
· For the set of monitoring occasions which are within the same span: 
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD

For FG#3-5b, PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2. Candidate value set for (X, Y):{(7, 3), (4, 3) and (7, 3), (2, 2) and (4, 3) and (7, 3)}.Taking TDD DL scheduling as an example, as shown in Figure 10,  two unicast DCIs in PDCCH monitoring occasions within a same span can support 15k SCS cross-carrier scheduling 30k SCS while four unicast DCIs in PDCCH monitoring occasions within two time span can support 15k SCS cross-carrier scheduling 60k SCS if (X,Y) value set (4,3) is reported. If even less time separation of X OFDM symbols between different time spans, more unicast DCIs can be processed by UE for smaller SCS cross-carrier scheduling. Furthermore, the number of valid unicast DCIs for UE is defined per scheduled CC. If one CC cross-carrier schedules multiple CCs, the number of valid DCIs would be linearly increased for the UE.
	
	


[bookmark: _Ref56299]Figure 10 the number of valid DCIs for cross-carrier scheduling with smaller SCS
Observation 1: The number of valid DCIs in R15 UE feature can support most cases of cross-carrier scheduling with smaller SCS.
For advanced number of valid unicast DCIs in R16, UE can report the maximum number of valid unicast DCIs within the same span it can support.
Proposal 4: UE reports the supported maximum number of valid DCIs within the same span in R16.
To avoid many DCIs transmission for cross-carrier scheduling, a DCI scheduling a TB across multiple slots can also be considered. Compared with one-to-multiple-slot scheduling with one TB per slot, one TB across multiple slots scheduling has the following merits:
-	Smaller DCI payload or less DCI formats. One TB needs only single control information. And current DCI format scheduling 1 TB per slot can be reused. New DCI format would be introduced for one-to-multiple-slot scheduling with one TB per slot.
-	Lower HARQ-ACK feedback cost. There is only single HARQ-ACK feedback for multiple slots.
-	Lower MAC/CRC overhead. Each scheduled TB has MAC header and CRC. 
-	Coding gain. With Polar/LDPC codes, the link performance improves with larger information size. 
-	Uplink enhanced coverage. For PUSCH in cell edge or enhanced coverage, the number of allocated PRB(s) may be limited to achieve PSD boosting gain. One TB across multiple slots would be beneficial, especially for 60 kHz sub-carrier and 7-symbol slot (i.e., 0.125 ms)
-	Less HARQ processes needed for consecutive transmission. One TB needs only one HARQ process across multiple slots. 
Proposal 5: A DCI scheduling one TB across multiple slots can be considered for cross-carrier scheduling.

Cross-carrier triggering PDCCH order
According to current specifications, PDCCH order can only be transmitted by DCI format 1_0. Cross-carrier PDCCH order transmission is not supported due to no carrier indicator field (CIF) in DCI format 1_0. In LTE, DCI format 1A is used for the random access procedure initiated by a PDCCH order. And CIF is present within DCI format 1A when it is mapped to USS. Therefore cross-carrier triggering PDCCH order can be supported in LTE.
In CA, when serving cells configured for a UE are in multiple TAGs, PDCCH order should be transmitted for SCell in TAG different from PCell. However, before a SCell is activated, PDCCH for the SCell is not monitored for the UE. PDCCH order can only be transmitted after the SCell is activated. The latency of UL timing alignment for the SCell would be increased. If cross-carrier triggering PDCCH order can be supported, PDCCH order for a SCell being activated can be transmitted on PCell to reduce the latency of UL timing alignment for the SCell.
To enable PDCCH order for a different cell, CIF in DCI format for downlink scheduling is needed. To solve this issue, the following two options can be considered:
Option 1: When DCI format 1_0 is mapping to UE-specific search space, CIF can be included to support cross-carrier triggering PDCCH order.
Option 2: To support cross-carrier triggering PDCCH order by DCI format 1_1.
Proposal 6: Cross-carrier triggering PDCCH order is supported.

Conclusion
According to the above discussions, we have the following observation and proposals:
Observation 1: The number of valid DCIs in R15 UE feature can support most cases of cross-carrier scheduling with smaller SCS.
Proposal 1: For Case 6-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T<4 or y>T): 
· The limit of BDs/CCEs of a scheduling cell per slot is (the number of DL cells schedulable by the scheduling cell) * (the limit of BDs/CCEs for non-CA case with the numerology of the active DL BWP of the scheduling cell).
· The limit of BDs/CCEs of the scheduling cell that is split to each DL cell is subject to the limit of BDs/CCEs per slot per cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

Proposal 2: For Case 7-1 (cross-carrier scheduling with different numerologies between scheduling cell and scheduled cell, T > 4 and y < T): 
· If a UE is configured with  DL cells with active DL BWPs having numerology j, j=0,…,3,  the total limit of BDs/CCEs across scheduling cell(s) with active DL BWP having numerology i is given by Floor per slot of numerology i, where  is the number of cells schedulable by the scheduling cell(s), and  and  are the limit of BDs and CCEs per slot of numerology i for non-CA case.
· The total limit of BDs/CCEs of scheduling cell(s) with active DL BWP having the same numerology can be split across DL cells schedulable by the scheduling cell(s), with the limit for each DL cell subject to that of BDs/CCEs of each cell for non-CA case.
· For SCell, NW ensures no overbooking based on non-CA case occurs.

Proposal 3: If the SCS of the scheduling CC is smaller than the SCS of the scheduled CC, UE is not expected to receive a scheduled PDSCH starting earlier than the ending time of PDCCH processing.
Proposal 4: UE reports the supported maximum number of valid DCIs within the same span in R16.
Proposal 5: A DCI scheduling one TB across multiple slots can be considered for cross-carrier scheduling.
Proposal 6: Cross-carrier triggering PDCCH order is supported.
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Appendix
Agreements for the limit of BDs/CCEs
Agreements(RAN1#92bis):
· 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 (RAN1#93):
· For following, regardless of whether one or more numerologies, the limit of BDs/CCEs per CC per slot is equal to the limit of BDs/CCEs for non-CA case.
· Self-scheduling with up to 4 DL-CCs
· Self-scheduling with up to T DL-CCs where the UE reports BD capability of y >= T
· y is integer from (4, …, 16)
· T is integer from (1, .., 16)
· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· Note: this is inline with the previous agreements at RAN1#92bis meeting

Agreements (RAN1#93):
· For self-scheduling with same numerology, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs.
Agreements (RAN1#93):
· For UE BD capability reporting y = integer(4, …, 16), at least for self-scheduling,
· For UE not supporting CA with different numerologies, the reported value equally applies to all numerologies
· (Working assumption) For UE supporting CA with different numerologies, 
· When the UE is configured with CA with the same numerology, the reported value applies
· When the UE is configured with CA with different numerologies, the reported value applies to each set of DL-CCs with the same numerology, i.e.:
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the total number of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· Where Mi and Ni represent the number of BDs and CCEs per slot specified for non-CA case, respectively
· Note: some of the values of Xi may be zero depending on the CA configuration
· For each CC, the non-CA limit still applies
· FFS the impact of BWP, if any
Agreement (RAN1#93):
· For self-scheduling with the same numerology or different numerologies, and the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, network ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 

Agreements (RAN1#93):
· For self-scheduling with different numerologies, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is
· (Working assumption) The total number of BDs/CCEs across CCs per numerology is based on UE BD capability. It can be split across CCs for the given numerology, subject to the non-CA limit on each CC.
· If a UE is configured with DL-CCs of X0, X1, X2, X3, where Xi denotes the number of DL-CCs with the numerology i, the limit of (BDs or CCEs) for the DL-CCs with the numerology i is given by Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} per slot of the numerology i
· For SCell, NW ensures no overbooking based on non-CA case occurs
Agreements:
· Clarify the agreements at RAN1#91 as follows:
· Case 1: PDCCH monitoring of all SS sets that are monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot 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 other than Case 1periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot

Agreements (RAN1#94): RAN1#93 agreements are updated as follows (to cover Case 5):
· For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs. For cross-carrier scheduling, BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).

Agreements (RAN1#94bis):
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), and the number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T, the limit of BDs/CCEs per numerology per slot is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y)}, where;
· Xi (i=0, 1, 2, 3) denotes the number of DL-CCs per numerology i
· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for numerology i, respectively
· Discuss further offline per CC limit for the above two cases

UE feature for blind detection
	6-5a
	PDCCH blind detection capability for CA
	1) More than 4 DL CCs
2) Reporting value is one of integer from 4 to 16



Agreements for PDCCH order
Agreements: (RAN1#93)
· Reuse DCI format 1-0 with C-RNTI and with resource allocation field equal to all ones for PDCCH order 
· Note: need to update the spec such that no HARQ ACK is reported for PDCCH order

Agreements for PDCCH monitoring 
Agreements: (RAN1#91)
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]



Agreements: (RAN1#93)
· Clarify the agreements at RAN1#91 as follows:
· Case 1: PDCCH monitoring of all SS sets that are monitored in a slot occurs within 3 consecutive OFDM symbols that have fixed positions in each slot 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 other than Case 1periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
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