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1. Introduction
In this contribution, we discuss some remaining issues on PDCCH search space.
2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]PDCCH candidates of cross-carrier scheduled cell
According to the current 38.213 specification [1], as highlighted below, on the definition of the search space, it is our understanding that the number of PDCCH candidates per CCE aggregation level should be configured for each cross-carrier scheduled cell. This feature is desirable from UE power saving perspective, for example, by reducing the number of candidate for some of the scheduled carrier based on the traffic. Some detailed analysis on the power usage can be found in [2][3].
	

where
       …


 is the carrier indicator field value if the UE is configured with a carrier indicator field by higher layer parameter CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any common search space, ;





, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  for a serving cell corresponding to  and a search space set ; 


Unfortunately, it seems that the feature is not correctly implemented by the current RRC specification. The CrossCarrierSchedulingConfig [4], as copied below, does not provide the configurations of the number of PDCCH candidates for the cross-carrier scheduled cell.
	CrossCarrierSchedulingConfig ::=	SEQUENCE {
	schedulingCellInfo				CHOICE {
		own							SEQUENCE {					-- No cross carrier scheduling
			cif-Presence							BOOLEAN
		},
		other						SEQUENCE {					-- Cross carrier scheduling
			schedulingCellId						ServCellIndex,
			cif-InSchedulingCell					INTEGER (1..7)
		}																	-- Cond SCellOnly
	},
	...
}


On the other hand, the SearchSpace of PDCCH-Config [4] is designed to specify the number of PDCCH candidates for the scheduling cell only. For the cross-carrier scheduled cell, it is not clear whether the PDCCH-Config is present or not in each configured BWP. Given that the CORESET should not be configured for the scheduled cell, it seems straightforward that the PDCCH-Config would never be present, either. In this case, the number of PDCCH candidates for the cross-carrier scheduled cell is unknown to the UE.
	BWP-DownlinkDedicated ::= 			SEQUENCE {
	pdcch-Config						SetupRelease { PDCCH-Config }											OPTIONAL,	-- Need M
	pdsch-Config						SetupRelease { PDSCH-Config }											OPTIONAL,	-- Need M 
	sps-Config							SetupRelease { SPS-Config }												OPTIONAL, 	-- Need M
	radioLinkMonitoringConfig			SetupRelease { RadioLinkMonitoringConfig }								OPTIONAL,	-- Need M
	...
}

PDCCH-Config ::= 					SEQUENCE {
	controlResourceSetToAddModList		SEQUENCE(SIZE (1..3)) OF ControlResourceSet 						OPTIONAL,	-- Need N
	controlResourceSetToReleaseList		SEQUENCE(SIZE (1..3)) OF ControlResourceSetId						OPTIONAL, 	-- Need N
	searchSpacesToAddModList			SEQUENCE(SIZE (1..10)) OF SearchSpace								OPTIONAL, 	-- Need N
	searchSpacesToReleaseList			SEQUENCE(SIZE (1..10)) OF SearchSpaceId								OPTIONAL, 	-- Need N
	downlinkPreemption					SetupRelease { DownlinkPreemption }									OPTIONAL,	-- Need M
	tpc-PUSCH							SetupRelease { PUSCH-TPC-CommandConfig }							OPTIONAL,   -- Need M
	tpc-PUCCH							SetupRelease { PUCCH-TPC-CommandConfig }							OPTIONAL,   -- Cond PUCCH-CellOnly
	tpc-SRS								SetupRelease { SRS-TPC-CommandConfig}								OPTIONAL,	-- Need M
	...
}
SearchSpace ::= 						SEQUENCE {
	searchSpaceId							SearchSpaceId,
	controlResourceSetId					ControlResourceSetId														OPTIONAL, 	-- Cond SetupOnly
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1										NULL, 
		sl2										INTEGER (0..1), 
		sl4										INTEGER (0..3), 
		sl5 									INTEGER (0..4),
		sl8										INTEGER (0..7), 
		sl10 									INTEGER (0..9),
		sl16 									INTEGER (0..15),
		sl20 									INTEGER (0..19),
		sl40 									INTEGER (0..39),
		sl80 									INTEGER (0..79),
		sl160 									INTEGER (0..159),
		sl320 									INTEGER (0..319),
		sl640 									INTEGER (0..639),
		sl1280 									INTEGER (0..1279),
		sl2560 									INTEGER (0..2559)
	}																													OPTIONAL,	-- Cond Setup
	duration								INTEGER (2..2559)															OPTIONAL,	-- Need R
	monitoringSymbolsWithinSlot				BIT STRING (SIZE (14))														OPTIONAL, 	-- Cond Setup
	nrofCandidates							SEQUENCE {
		aggregationLevel1						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel2						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel4						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel8						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel16						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
	}																													OPTIONAL,	-- Cond Setup
																										OPTIONAL,	-- Cond Setup


Moreover, the SearchSpace IE is defined per BWP and should be associated to a specific CORESET within a BWP for a serving cell. Even if PDCCH-Config IE is still provided for the scheduled cell, it is not clear which BWP of the scheduling cell is associated to this PDCCH-Config IE. 
Furthermore, in the case of active BWP switching (either the scheduling cell or the scheduled cell), how this association is maintained is undefined yet. For example, assuming that SearchSpace IE is configured to a UE for the active BWP of the scheduled cell and associated to the CORESET in the active BWP of the scheduling cell, when either active BWP of these two cells is changed, the configured search space become invalid and the scheduled cell cannot be scheduled for that UE.
In summary, the current RRC specification has some problems for the UE to acquire the number of PDCCH candidates of the cell being cross carrier scheduled by another cell. 
[bookmark: _Ref521146458]Observation 1: According to the current RRC implementation, the number of PDCCH candidates of the cross-carrier scheduled cell is undefined.
It is proposed to send a LS to inform RAN2 in order to fix this issue. The detailed RRC implementation can be left to RAN2.
[bookmark: _Ref521146463]Proposal 1: Send a LS to RAN2 to fix this issue, i.e. by introducing the search space configuration for the cross-carrier scheduled cell. 

3. BD/CCE limit for CA case
The BD/CCE limit for CA case has been discussed in the previous meeting and the following agreement has been achieved [6]. 
	Agreements:
· 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:
· 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:
· 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:
· 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 limit 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

Agreements:
· 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



However, there are still some open issues on determining the BD/CCE limit in the following cases:
1. the SCS is changed due to active BWP change
2. one of the SCell become deactivated or activated
3. cross carrier scheduling with different numerologies
In the following section we provides our view on these issues.
3.1. Active BWP switching
The number of BD/CCE limit is determined by the SCS of the serving cell, which in turn determined by the active BWP. If the active BWP is changed to another one with different SCS, the number of BD/CCE limit is changed, too. During the transition time of BWP switching, it may be ambiguous on which SCS is used to determine the BD/CCE limit. This is not a problem in the non-CA case, because UE is not expected to receive DL signals or transmit UL signals during the transition time. 
However, this ambiguity may become an issue in the CA case. Although the UE may not monitor PDCCH for the cell of which SCS is being changed, the UE should still monitor the other cells. The numbers of BD/CCE limit of these cells are determined by the SCS of all the cells, including the one being changed. Consequently, during the transition time of BWP switching of one cell, it may be ambiguous on what the numbers of BD/CCE limit are, as well as how the search spaces map, on all the other cells. 
Therefore, it is proposed to clarify the UE behavior during the transition time of BWP switching. For example, the BD/CCE limit and search space mapping of all the cells are not changed until the slot or symbol that the new BWP of the switching cell become valid.
[bookmark: _Ref513665051]Proposal 2: If the active BWP SCS of one cell is changed, the UE should retain the number of BD/CCE limit and the search space mapping for all the other cells, until the slot/symbol that the new BWP of the switching cell become valid. 

3.2. SCell activation/deactivation

According to the specification [1], the UE determines the BD/CCE limit, and consequently the search space mapping/dropping, by the number of configured downlink cells, i.e. the as highlighted below. 
	







If a UE is capable for operation with carrier aggregation with more than 4 downlink cells, and the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells, and the UE is configured with  with subcarrier spacing configuration [image: ], and for scheduling on a same cell, the UE is expected to be able to monitor a total of  PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences per slot over the  cells with subcarrier spacing configuration [image: ], and a total of  non-overlapped CCEs per slot over the [image: ] cells with subcarrier spacing configuration [image: ]. The maximum number of PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences and the maximum number of non-overlapped CCEs per slot and per cell of the  cells are  and , respectively.  





If the UE is configured with a total of  downlink cells with same subcarrier spacing configuration [image: ] or if the UE indicates through pdcch-BlindDetectionCA a capability to monitor PDCCH candidates for  downlink cells then, for cross-carrier scheduling over the  downlink cells with same subcarrier spacing configuration [image: ], including the scheduling cell, the UE is expected to monitor  PDCCH candidates for DCI formats with different size per slot on the scheduling cell and  non-overlapped CCEs per slot on the scheduling cell.  


As the UE would never monitor the PDCCH of the deactivated cell, the number of BD/CCE candidates preserved for the deactivated cell are wasteful. It is better to determine the BD/CCE limit by the activated downlink cells, instead of the configured downlink cells.
[bookmark: _Ref521243296]Proposal 3: The UE determines the BD/CCE limit, as well as the search space mapping, by the number of activated downlink cells, instead of the configured downlink cells.
Another issue is that, the UE monitors the PDCCH only if the SCell is activated. An issue similar to active BWP switching would occur, i.e. the activation and deactivation on one SCell would impact the PDCCH monitoring behaviors of the other cells. Then the PDCCH monitoring behaviors on the cells are ambiguous during the transition time of SCell activation/deactivation. The similar clarification for active BWP switching is also needed for SCell activation/deactivation.
[bookmark: _Ref510538372]Proposal 4: If a SCell is being activated or deactivated, the UE should retain the number of BD/CCE limit and the search space mapping for all the other cells, until the slot that the new cell activation state become valid.

3.3. Cross carrier scheduling with mix numerologies
In the case of cross carrier scheduling where the scheduling cell and the scheduled cell have different numerologies, the BD/CCE limits for UE can be determined according to either the SCS of the scheduling cells, or the SCS of the scheduled cells. 
Given that the PDCCH is monitored in the scheduling cell, it may be straightforward to determine the BD/CCE limit based on the SCS of the scheduling cell. The simplest solution is to reuse the formula of the self-scheduling case, with the modification that the number of configured DL cells is replaced by the number of scheduling cells. More specifically, the limit for cell group with SCS is given by 
	
	,  
	(1)


where  is the maximum number of BD or CCE for a single cell with SCS,  is the number of scheduling cell with SCS, and Y is the UE reported BD capability. 
Nonetheless, this solution (named Alt.1) does not take into account the number of cells being cross carrier scheduled, i.e. the same BD/CCE limit is assigned to each cell group regardless of how many cells it schedules. Obviously, such an assignment is not optimal, resulting high PDCCH blocking rate in the scheduling cell.
A small enhancement (named Alt.2) is to take the number of cells scheduled into account when assigning the BD/CCE limit for scheduling cell in each cell group. More specifically, in the formula (1)  is redefined as the number of downlink cells being scheduled by the scheduling cell with the SCS. 
Although these solutions are simple, they may be less attractive in realistic deployment. One important usage of cross carrier scheduling is to schedule the PDSCH in high band with larger SCS from the PDCCH in low band with smaller SCS, in order to achieve better link budget and to avoid PDCCH blockage. However, if the BD/CCE limit is determined by the smaller SCS in this case, it would lead to higher PDCCH blocking rate. For example, if a cell with 15k SCS is used to schedule another cell with 60k SCS, the maximum number of BD in 1 ms based on the scheduling cell would be 44 * 2 = 88. On the other hand, in the self-scheduling case, the maximum number of BD in 1 ms for these two cells are 44 + 22 * 4 = 132. Consequently, the scheduling capacity is significantly reduced compared with the self-scheduling case.
This issue can be solved if the BD/CCE limit is determined by the SCS of the scheduled cell. For example, the limit for the scheduling cell s with m scheduled cells is given by
	
	
	(2)


Where  is the maximum number of BD or CCE for a single cell j with SCS,   is the number of downlink cells being scheduled with the SCS. In the above example, the BD limit is given by 44 + 22 * 4 = 132. By this way, the scheduling capacity of cross carrier scheduling is comparable with that of self-scheduling case. 
[bookmark: _Ref521243297]Proposal 5: In the case of cross carrier scheduling where the scheduling cell and the scheduled cell have different numerologies, the BD/CCE limits for UE is determined according to the SCS of the scheduled cells.

4. Remaining issue related to SFI
4.1. Collision of neighbour cell RRM measurement occasions and serving cell UL/flexible symbols
For serving cell, the RRM-RS is allowed to be configured in the DL slots/symbols or flexible slots/symbols configured by semi-static DL/UL assignment or dynamic SFI. For neighboring cell RRM measurement, if the SS block or CSI-RS for RRM measurement are also transmitted in the time instance which are DL slots/symbols and flexible slots/symbols of the serving cell as shown in Figure 1, then the RRM measurement for neighboring cell still could be performed.


Figure 1: RRM measurement for neighboring cell
There can be multiple scenarios where the SSB or CSI-RS configured for RRM measurement in the neighbor cells colliding with serving cell UL symbol or UL slots.
Case 1: Neighbor cell CSI-RS for RRM colliding with serving cell UL symbol/slot
For the RRM measurement with CSI-RS, if CSI-RS for RRM is configured on flexible resource, dynamic SFI or PDCCH indicating PUSCH/PUCCH/SRS/PRACH transmission, may indicating an UL transmission direction on these symbols. Therefore, the neighbor cell CSI-RS for RRM may collide with serving cell UL symbol/slot.
As specified in section 11.1 of [1], 
	For a set of symbols of a slot indicated to a UE as flexible by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and tdd-UL-DL-ConfigDedicated, when provided to the UE, or when higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2, and tdd-UL-DL-ConfigDedicated are not provided to the UE, and if the UE detects a DCI format 2_0 providing a format for the slot using a slot format value other than 255
      ……
-    If the UE is configured by higher layers to receive PDSCH or CSI-RS in the set of symbols of the slot, the UE receives the PDSCH or the CSI-RS in the set of symbols of the slot only if an SFI-index field value in DCI format 2_0 indicates the set of symbols of the slot as downlink.
……
If a UE is configured by higher layers to receive a CSI-RS or a PDSCH in a set of symbols of a slot and the UE detects a DCI format 2_0 with a slot format value other than 255 that indicates a slot format with a subset of symbols from the set of symbols as uplink or flexible, or the UE detects a DCI format 0_0, DCI format 0_1, DCI format 1_0, DCI format 1_1, or DCI format 2_3 indicating to the UE to transmit PUSCH, PUCCH, SRS, or PRACH in at least one symbol in the set of the symbols, the UE cancels the CSI-RS reception in the set of symbols of the slot or cancels the PDSCH reception in the slot. 


Therefore, the RRM measurement for neighbor cell is cancelled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of serving cell, since the CSI-RS reception is cancelled.
[bookmark: _Ref521350398][bookmark: OB1]Observation 2: The RRM measurement for neighboring cell is cancelled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of serving cell.
Case 2: Neighbor cell SSB for RRM colliding with serving cell UL symbol/slot
In intra-frequency measurement, the actually transmitted SSB may be different for the each cell. Such configuration may be used to improve the SINR for SSB detection. As shown in figure X, there is no SSB transmitted in the corresponding symbols in the serving cell. Supposing, cell#1 is serving cell where SSB#1 is not trasnmitted, while in the same frequency layer, SSB#1 is transmitted in cell#2.


Figure 2: different actual transmitted SSBs between cells in the same frequency layer
If cell #1 and cell #2 use different UL/DL configuration and the symbols for SSB #1 measurement of serving cell is configured as
· UL, or
· Flexible, and the symbols configured as uplink by DCI format 2_0, or be used for PUSCH/PUCCH/SRS/PRACH transmission indicated by DCI format 0_0/0_1/1_1/2_3
In these cases, there will be a confliction between the serving cell UL transmission and neighboring cell RRM measurement. 
To solve the issue in the above cases, one option is to cancel the neighboring cell RRM measurement whenever it collides with the serving cell UL slots/symbols or the flexible slots/symbols overwritten to UL. However, if there is no UL transmission scheduled in these UL or flexible slots/symbols, the RRM measurement opportunity will be reduced. Therefore, UE should be allowed to perform neighboring cell RRM measurement in the serving cell UL or flexible slots/symbols when it is not scheduled to transmit in UL. If there is no UL data transmission scheduled in the serving cell, the UE can perform neighbor cell RRM measurement. Otherwise, the neighbor cell RRM measurement is then cancelled.  
[bookmark: _Ref521350475][bookmark: _Ref521350592][bookmark: PP1]Proposal 6: In case intra-frequency neighbor cell SSB based RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined
· UE cancels RRM measurements when the UE detects a dynamic-SFI indicating at least one of symbols where SSB is transmitted as uplink or flexible, or when UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission in at least one of symbols where SSB is transmitted.
· When DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in any symbols of the SSB to be measured, SSB based RRM can still be performed.
[bookmark: _GoBack]
5. Remaining issues on DCI format
According to the previous meeting, there are some remaining issues on DCI format as following:
· Length of short message need to be checked with RAN2
· The DCI size budget for CA case
5.1. Length of short message in Paging DCI
As mentioned in [7], a Short Message transmission using DCI has been defined in TS 38.331 according to following table. 
	Bit
	Short message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7, SIB8 and SIB9.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3 – [8]
	Not used in this release of the specification, and shall be ignored by UE if received.


One issue still remains that how many bits should be specified for short message field. Since there is still quite a few bits reserved, the length of short message field can be set to 8, which is desirable for future extension. It is up to RAN2 how these bits are utilized in future release.
[bookmark: _Ref521243432][bookmark: _Ref521243433]Proposal 7: The length of short message field can be set to 8, and it is up to RAN2 how these bits are utilized in future release. 

6. Conclusion
In the contribution, we discussed the remaining issues on PDCCH and observe that, 
Observation 1: According to the current RRC implementation, the number of PDCCH candidates of the cross-carrier scheduled cell is undefined. 
Observation 2: The RRM measurement for neighboring cell is cancelled if CSI-RS resources for neighboring cell measurement collide with UL/flexible symbols of serving cell.
Based on these observations, we propose that,
Proposal 1: Send a LS to RAN2 to fix this issue, i.e. by introducing the search space configuration for the cross-carrier scheduled cell.
Proposal 2: If the active BWP SCS of one cell is changed, the UE should retain the number of BD/CCE limit and the search space mapping for all the other cells, until the slot/symbol that the new BWP of the switching cell become valid. 
Proposal 4: If a SCell is being activated or deactivated, the UE should retain the number of BD/CCE limit and the search space mapping for all the other cells, until the slot that the new cell activation state become valid.
Proposal 3: The UE determines the BD/CCE limit, as well as the search space mapping, by the number of activated downlink cells, instead of the configured downlink cells.
Proposal 5: In the case of cross carrier scheduling where the scheduling cell and the scheduled cell have different numerologies, the BD/CCE limits for UE is determined according to the SCS of the scheduled cells.
Proposal 6: In case intra-frequency neighbor cell SSB based RRM measurement occasion collides with serving cell UL/flexible symbols, following UE behaviors are defined
· UE cancels RRM measurements when the UE detects a dynamic-SFI indicating at least one of symbols where SSB is transmitted as uplink or flexible, or when UE detects DCI format 0_0/0_1/1_1/2_3 indicating PUSCH/PUCCH/SRS/PRACH transmission in at least one of symbols where SSB is transmitted.
· When DCI format 2_0 monitoring is not configured and uplink transmission is not scheduled in any symbols of the SSB to be measured, SSB based RRM can still be performed.
Proposal 7: The length of short message field can be set to 8, and it is up to RAN2 how these bits are utilized in future release.
7. [bookmark: _Ref510367705][bookmark: _Ref503565490][bookmark: _Ref493791948][bookmark: _Ref503565531]Reference
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