Page 1
3GPP TSG RAN WG1 Meeting #94	R1-1809426
Gothenburg, Sweden, August 20th – August 24th, 2018
	
Agenda item:	7.1.3.1
Source: 	Qualcomm Incorporated
Title: 	Maintenance for physical downlink control channel
Document for:	Discussion and Decision
1 Introduction
In this contribution, we discuss the following remaining issues on PDCCH.
PDCCH Overbooking
PDCCH Monitoring Cases
PDSCH Rate Matching with PDCCH Wideband RS
WB-RS CORESET Colliding with other Resources
Maximum Number of Valid DCIs
DCI Size Budget
RRC Configuration for DCI Format 2-3
C-RNTI, CS-RNTI Monitoring in Common Search Space
2 PDCCH Overbooking
2.1 CCE and BD Counting
From TS 38.213, if any RE of a PDCCH candidate overlaps with any RE of the SSB or LTE-CRS, the UE is not required to monitor this PDCCH candidate. It is not clear from the spec whether the UE drops the PDCCH candidates that collide with SSB and LTE-CRS before it performs overbooking handling. If the UE does so, it may end up decoding more search space sets. However, the number of slots that the UE needs to independently handle may significantly increase unless the periodic pattern of SSB and LTE-CRS resources coincides with the periodic pattern of all configured PDCCH candidates. This may further increase the UE implementation complexity for overbooking handling and also increases the maximum memory for saving the PDCCH mapping result. Therefore, we prefer that UE overbooking handling is performed before candidates are dropped due to the collision with SSB or LTE-CRS. In other words, overbooking handling is only based on the configured PDCCH candidates. Accordingly, we have the following proposal
[bookmark: ob1]Proposal 1: When CCEs and BDs are counted for overbooking handling, the counting is only based on PDCCH RRC configuration, without taking PDCCH candidate dropping into account. 
------------------------------------------------------- Spec text starts for TS 38.213 --------------------------------------------------
[bookmark: _Hlk493885951]-	If the UE has received ssb-PositionsInBurst in SystemInformationBlockType1 and has not received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH common search space and at least one RE for a PDCCH candidate overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in SystemInformationBlockType1, the UE is not required to monitor the PDCCH candidate.
-	If a UE has received ssb-PositionsInBurst in ServingCellConfigCommon for a serving cell and if the UE does not monitor PDCCH candidates in a Type0-PDCCH common search space and at least one RE for a PDCCH candidate  overlaps with respective at least one RE corresponding to a SS/PBCH block index provided by ssb-PositionsInBurst in ServingCellConfigCommon, the UE is not required to monitor the PDCCH candidate.
-	If the UE monitors the PDCCH candidate for a Type0-PDCCH common search space on the serving cell according to the procedure described in Subclause 13, the UE may assume that no SS/PBCH block is transmitted in REs used for monitoring the PDCCH candidate on the serving cell. 
-	If at least one RE of a PDCCH candidate on the serving cell overlaps with at least one RE of lte-CRS-ToMatchAround, the UE is not required to monitor the PDCCH candidate.
------------------------------------------------------- Spec text ends for TS 38.213 --------------------------------------------------
CCE and BD counting rules are captured in TS 38.213, section 10. In the following, we provide a few additional updates and corresponding text proposals related to CCE and BD counting. Inline notes are added in text proposals as [To the 38.213 editor: …]. The updates are based on the following reasons.
· The spec has very well captured BD counting rule for overlapping PDCCH candidates in different search space sets. We provide text proposal to clarify that if multiple PDCCH candidates overlap within the same search space set, they should be counted as a single blind decode. For each cell, network should not provide a PDCCH configuration that results in overlapping candidates within the same search space set. Overlapping PDCCH candidates in the same search space set should be allowed only among CCs in CA with cross-carrier scheduling.
· Different sets of CCEs are counted as non-overlapped CCEs.
· The same PDCCH DMRS scrambling sequence is used in both UESS and CSS in the same CORESET. However, scrambling sequence of the PDCCH payload can still be different between UESS and CSS even in the same CORESET. Therefore, the UE should check scrambling sequence of the PDCCH payload but not DM-RS scrambling sequences during BD counting.
[bookmark: overlap1]Proposal 2: UE does not expect to be configured with overlapping PDCCH candidates within the same search space set for a serving cell. 
-------------------------------------------- Text proposal starts for TS 38.213, Section 10 ----------------------------------------
A PDCCH candidate with index [image: ] for a search space set [image: ] using a set of CCEs in a control resource set [image: ] for serving cell [image: ] is not counted as a monitored PDCCH candidate if there is a PDCCH candidate with index [image: ] for a search space set [image: ] or  if there is a PDCCH candidate with index  in the same search space set  and  [To the 38.213 editor: Colliding PDCCH candidates within the same search space set are also counted as a single blind decode.] in the control resource set [image: ] for serving cell [image: ] using a same set of CCEs, have identical scrambling, and the corresponding DCI formats for the PDCCH candidates have a same size; otherwise, the PDCCH candidate with index [image: ] is counted as a monitored PDCCH candidate.  
>>>>>>>> Unchanged part omitted <<<<<<<<
CCEs are non-overlapped if they correspond to
-	different control resource set indexes, or 
-	different first symbols for the reception of the respective PDCCH candidates, or 
-	different sets of resources.
>>>>>>>> Unchanged part omitted <<<<<<<<






If a UE is capable for operation with carrier aggregation with a maximum of 4 downlink cells and the UE is configured with  downlink cells for each corresponding subcarrier spacing configuration  where , and for scheduling on a same cell, the UE is expected to be capable to monitor  PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences (section 7.3.2.3 in 38.211) [To the 38.213 editor: From 38.211, DMRS scrambling sequence is the same in UESS and CSS of the same CORESET. However, PDCCH payload scrambling sequence can be different between UESS and CSS of the same CORESET] and/or different corresponding sets of CCEs and/or different corresponding CORESETs, and  non-overlapped CCEs per slot per cell with subcarrier spacing configuration . 








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 and/or different corresponding sets of CCEs and/or different corresponding CORESETs 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 and/or different corresponding scrambling sequences and/or different corresponding sets of CCEs and/or different corresponding CORESETs per slot on the scheduling cell and  non-overlapped CCEs per slot on the scheduling cell.  
A UE does not expect to be configured common search space sets that result to corresponding total numbers of monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers per slot.
For same cell scheduling, a UE does not expect a number of PDCCH candidates for DCI formats with different size and/or different corresponding DM-RS scrambling sequences and/or different corresponding sets of CCEs and/or different corresponding CORESETs, and a number of corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot.
-------------------------------------------- Text proposal ends for TS 38.213, Section 10 ------------------------------------------
[bookmark: ob2]Proposal 3: Adopt the text proposal for blind decode and CCE counting in TS 38.213. 

2.2 Overbooking for y<T
In RAN1 #93 meeting, it was agreed that there is no PDCCH overbooking for secondary cells (SCell) at least for self-scheduling CA. When T, the number of DL-CCs is larger than y, the UE BD capability, the total number of BDs and CCEs are split across CCs subject to the non-CA limit on each CC.
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 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

When the agreement says network ensures no overbooking for SCells, it should mean that UE needs not to do anything related to overbooking handling which includes counting the number of CCEs/BDs or dropping a PDCCH candidate for any SCell. To be clearer, overbooking handling for CA includes the following major parts:
· UE needs not to drop any PDCCH candidate for any SCell
· Number of CCEs/BDs of configured PDCCH candidates for any SCell does not exceed the non-CA limit 
· Overbooking handling which includes counting CCE/BD number and dropping PDCCH candidates based on the non-CA limit is performed by UE only for the PCell or PSCell
· Total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit
These result in the parallel PDCCH processing of CCs as shown in Figure 1.


[bookmark: _Ref521591927]Figure 1: Parallel structure of PDCCH processing for CA
Suppose that the UE BD capability is y=4. The following example should be considered as an error case for PDCCH overbooking for self-scheduling with same numerology.
Example 1: PCell is configured with a set of PDCCH candidates in a slot that requires 1.5X CCEs where X is the non-CA CCE limit. There are 4 SCells and each is configured a set of PDCCH candidates in a slot that requires 0.9X CCEs. 
In this example, after UE performs overbooking handling for the PCell based on the non-CA limit, the remaining number of CCEs is X for the PCell. Then the total number of CCEs for all CCs including the PCell and SCells is (1+0.9*4)*X=4.6X which exceeds the CA limit 4X.
The following example corresponds to a valid PDCCH configuration for PDCCH overbooking for self-scheduling with the same numerology and the UE BD capability is y=4.
Example 2: PCell is configured with a set of PDCCH candidates in a slot that requires 1.5X CCEs where X is the non-CA CCE limit. There are 4 SCells and each is configured a set of PDCCH candidates in a slot that requires 0.75X CCEs 
In this example, after UE performs overbooking handling for the PCell based on the non-CA limit, the remaining number of CCEs is X for the PCell. Then the total number of CCEs for all CCs including the PCell and SCells is (1+0.75*4)*X=4X which does not exceed the CA limit 4X.
[bookmark: _GoBack]We provide the following text proposal to further clarify the overbooking rule in TS 38.213. Inline notes are added in text proposals as [To the 38.213 editor: …].
In the text proposal, we also propose to add a CC index in the symbols including those for search space sets, CORESETs and associated ones. There are two main reasons to do so. First, overbooking handling is different for different serving cells. I.e., overbooking handling is needed for PCell and PSCell but not needed for SCell. Therefore, it is necessary to separately define the search space sets and CORESETs associated with different CCs. This also avoids the potential confusions when a same search space set index or a same CORESET index is associated with multiple CCs. In addtion, CSS can be configured to SCells for SFI and PI monitoring. Therefore, some CSSs may belong to PCell (PSCell) and some CSSs may belong to SCells. It is more convenient to explicitly distinguish the CSSs associated with different CCs.
-------------------------------------------- Text proposal starts for TS 38.213, Section 10 ----------------------------------------
[bookmark: _Hlk520298062]For all search space sets within a slot [image: ] configured for serving cell , [To the 38.213 editor: add an explicit cell index c to the search space set] denote by [image: ] a set of common search space sets in a corresponding set [image: ] of control resource sets with cardinality of [image: ] and by [image: ] a set of UE-specific search space sets in a corresponding set [image: ] of control resource sets with cardinality of [image: ] . The location of UE-specific search space sets [image: ] [To the 38.213 editor:  is not used as search space set anywhere else, replace it with ], [image: ], in [image: ] is according to an ascending order of the search space set index of  [image: ] [To the 38.213 editor:  is not the search space set index of search space set ]. 
Denote by [image: ] a number of monitored PDCCH candidates, [image: ], from the [image: ]  configured PDCCH candidates for common search space set [image: ] in corresponding control resource set  [image: ] associated with serving cell  and by [image: ]  a number of monitored PDCCH candidates, [image: ], from the [image: ] configured PDCCH candidates for UE-specific search space set [image: ]  in corresponding control resource set [image: ] associated with serving cell .   
The UE monitors [image: ] [To the 38.213 editor:  may also include CSS from Scells. If so, [image: ]in the first line of the pseudo code for PCell/PSCell becomes meaningless] PDCCH candidates requiring for the common search space sets associated with serving cell  requiring a total of [image: ] non-overlapping non-overlapped CCEs in a slot. 
For a primary cell or primary secondary cell , Thethe UE allocates monitored PDCCH candidates to UE-specific search space sets associated with the cell of the primary cell with subcarrier spacing configuration [image: ] in slot [image: ] according to the following pseudocode. A UE is not expected to monitor PDCCH in a UE-specific search space set without monitored PDCCH candidates.
Denote by [image: ] the set of non-overlapped non-overlapping CCEs for search space set [image: ]  configured for serving cell  and by [image: ] the cardinality of [image: ]  where the non-overlapped non-overlapping CCEs for search space set [image: ] are determined considering the monitored PDCCH candidates for the common search space sets and the monitored PDCCH candidates for all search space sets [image: ], [image: ].
Set [image: ]
Set [image: ]
Set [image: ]
while [image: ] AND  
allocate [image: ] monitored PDCCH candidates to UE-specific search space set [image: ] 
[image: ];
[image: ];
[image: ];
end while
[bookmark: _Hlk520393088][To the 38.213 editor: The following two paragraphs reflect: Total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit] 
If the last UE-specific search space set allocated with PDCCH candidates for the primary or primary second cell  corresponds to , the total number of monitored PDCCH candidates for UE to decode associated with the subcarrier spacing configuration  is and the total number of CCEs is . A PDCCH configuration to the UE is invalid if it does not satisfy  and . 
The total number of monitored PDCCH candidates for UE to decode associated with a subcarrier spacing configuration  is and the total number of CCEs is . A PDCCH configuration to the UE is invalid if it does not satisfy  and .
-------------------------------------------- Text proposal ends for TS 38.213, Section 10 ------------------------------------------
[bookmark: ob3]Proposal 4: Adopt the text proposal for overbooking handling in TS 38.213. 

2.3 Cross-Carrier Scheduling
Overbooking rule for cross-carrier scheduling is not completely defined yet for same and mixed numerology CA. The main difficulty for cross-carrier scheduling is due to the CCE and BD reuse among CCs. Mapping results of PDCCH candidates against CCE and BD limits is dependent on an order in which CCs are mapped. As a result, UE can only handle the multiple CCs in a sequential manner and cannot benefit from the parallel processing structure for CA with self-scheduled CCs (see Figure 1). In addition, if some CCs are self-scheduled and some CCs are cross-carrier scheduled, CCE and BD reuse among CCs will make the overbooking rule very complicated. Therefore, we propose to not consider the reuse of overlapping CCEs and BDs among CCs. This results in a uniform overbooking design for self-scheduling and cross-carrier scheduling as well as CA with partial self-scheduling CCs and partial cross-carrier scheduling CCs.
For CA with cross-carrier scheduling CCs with a same numerology, we have the following overbooking proposal.
[bookmark: ob4]Proposal 5: For CA with cross-carrier scheduled CCs with a same numerology, BDs and CCEs of the PDCCH candidates associated with each CC are counted separately. PDCCH candidates associated with PCell or PScell are mapped based on the non-CA limit. Network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit 
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells does not exceed the BD or CCE limit in a slot that the UE shall support
· If search space sharing is supported, count CCEs and BDs for each CC separately based on the shared search space
As a result, there is no PDCCH overbooking handling for SCells.
For cross-carrier scheduling with different numerologies, we have the following overbooking proposals.
[bookmark: ob5]Proposal 6: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, calculate the X0, X1, X2, X3 and corresponding T= X0 + X1 + X2 + X3 where Xi denotes the total number of scheduling CCs that have numerology i plus the total number of CCs scheduled by CCs that have numerology i. For numerology i, the maximum total number of (BDs or CCEs) for these Xi DL-CCs is given by 
· Floor{Xi / T * (Mi or Ni) * y} per slot of the numerology i, if T is > 4 and UE reports BD capability of y < T
· Xi*(Mi or Ni) per slot of the numerology i,  if T is <= 4 or the UE reports BD capability of y >= T 
· 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
Proposal 7: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, the number of BDs/CCEs of PDCCH candidates associated with each CC is counted separately per CC. The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for non-CA case. Network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells in the set of Xi CCs does not exceed the max number of BDs or CCEs per the numerology i slot the UE shall support for the set of Xi CCs
· If search space sharing is supported, count CCEs and BDs for each CC separately based on the shared search space
As a result, there is no PDCCH overbooking handling for SCells.
3 PDCCH Monitoring Cases
3.1 Case 1-2 
According to the following agreements in RAN1 #93, for Case 1-2 the UE monitors all SS sets within a span of up to 3 consecutive OFDM symbols of a slot that has a fixed position in each slot. This definition is not captured in TS 38.213 v15.2.0. We propose to adopt the following text proposal to reflect the definition of Case 1-2.
-------------------------------------------- Text proposal starts for TS 38.213, Section 10 ----------------------------------------


If the higher layer parameter monitoringSymbolsWithinSlot indicates to a UE only one PDCCH monitoring occasion within a slot to monitor PDCCH of all search space sets on a span of up to 3 consecutive OFDM symbols at the same position in every slot, the UE does not expect to be configured with a PDCCH subcarrier spacing other than 15 kHz for the corresponding search space set [image: ] if the control resource set  associated with the search space   if the span includes at least one symbol after the third symbol of thein any slot. 
-------------------------------------------- Text proposal ends for TS 38.213, Section 10 ------------------------------------------
[bookmark: m1]Proposal 8: Adopt the text proposal for Case 1-2 definition in TS 38.213. 
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
3.2 Case 2 Monitoring Capability
It was agreed in RAN1 #93 for Case 2 PDCCH monitoring, the minimum time separation between spans is a UE capability [1].
	For type 1 with dedicated RRC configuration, type 3 and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, with minimum time separation between the start of two spans is one of the following cases
· 2OFDM symbols (span up to 2 OFDM symbols)
· 4OFDM symbols (span up to 3 OFDM symbols)
· 7OFDM symbols (span up to 3 OFDM symbols)


The Case 2 PDCCH monitoring UE capability specifies the minimum time separation between the starting symbols of any two spans of PDCCH monitoring within the slot or across slots. Figure 2 has four examples of Case 2 PDCCH monitoring when the minimum separation between spans is 4 OFDM symbols. According to the Case 2 capability, examples 1-3 are supported. Example 4 is not supported because time separation between the last span in slot 0 and the first span in slot 1 is 2 OFDM symbols.


[bookmark: _Ref521596774]Figure 2: Case 2 PDCCH monitoring
We propose to add the text proposal below to capture the Case 2 PDCCH monitoring capability in TS 38.213.
-------------------------------------------- Text proposal starts for TS 38.213, Section 10 ----------------------------------------
If the UE is capable, it may be configured to monitor more than one span of up to 3 consecutive OFDM symbols for all configured search space sets in any slot, or in one slot all configured search space sets are within a single span of up to 3 consecutive OFDM symbols with a first symbol index  and in another slot all configured search space sets are within a single span of up to 3 consecutive OFDM symbols with a first symbol index  and , PDCCH candidates associated with Type1-PDCCH common search space set, Type3-PDCCH common search space set and UE-specific search space set can be monitored in any symbols of the spans in the slot. The minimum time separation between the first OFDM symbols of any two spans in the same slot or in different slots is subject to UE capability, where the allowable minimums are 2,4,7. When the minimum time separation is equal to 2, each span has at most 2 consecutive OFDM symbols.
-------------------------------------------- Text proposal ends for TS 38.213, Section 10 ------------------------------------------
[bookmark: m2]Proposal 9: Adopt the text proposal for Case 2 PDCCH monitoring capability in TS 38.213. 
4 PDSCH Rate Matching with PDCCH Wideband RS
PDSCH can be dynamically configured by the network to rate match into the CORESET where the scheduling PDCCH is detected. Agreements in agenda 7.1.3.5 of RAN1 92bis specify how to specify that when wideband reference signal (WB-RS) is configured to a CORESET [1], rate matching is performed around the union of PDCCH REs and WB-RS REs including WB-RS REs embedded in CCEs of the scheduling PDCCH and WB-RS REs outside CCEs of the scheduling PDCCH. In addition, according to the agreements in agenda 7.1.3.1.1 of RAN1 92bis, when WB-RS is configured, the CORESET may have more than one clusters each with contiguous RBs and the maximum allowed number of clusters is 4.
Agreements:
· [bookmark: _Hlk519409467]When UE is to rate-match a PDSCH around PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around 
· The union of REs of the PDCCH scheduling the PDSCH and the WB RS REs for the configured CORESET
Agreements:
· For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following possibilities:
· Up to 4 clusters, each cluster consisting of contiguous RBs.
· It is clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and WB RS CORESET, which implies following:
· The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of the sets of CCEs for PDCCH candidates to be monitored and hence BW of the WB RS CORESET is not restricted by CCE limit for channel estimation.
· Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the maximum number of contiguous RBs within the WB RS CORESET

The rate-matching agreements state that PDSCH is rate matched around “WB RS REs for the configured CORESET” which imply that PDSCH is rate matched around configured locations of WB RS REs in the entire CORESEET rather than only around locations of WB RS REs actually transmitted for the scheduling PDCCH. This clearly has an advantage for UE implementation that the same PDSCH rate matching around WB RS REs pattern is maintained and handled by the UE for all PDCCH candidates within a slot or from slot to slot.
PDSCH rate matching around PDCCH was captured in 38.214 section 5.1.4.1 with the statement that rate matching resources are “resources corresponding to union of detected PDCCH that scheduled the PDSCH and associated PDCCH DM-RS are not available for PDSCH” [2]. For channel estimation purpose, network needs not to transmit WB-RS in a cluster that does not contain the PDCCH. The spec wording “associated PDCCH DM-RS” implies that rate matching around WB-RS is performed only in a cluster that contains the scheduling PDCCH and not in a cluster that does not contain the scheduling PDCCH. This is shown by the figure below where the CORESET has four clusters and in a slot REs of the scheduling PDCCH are allocated in one cluster. When PDSCH rate matching into CORESET is configured in this slot, REs corresponding to the configured WB-RS are considered as data REs for PDSCH in a cluster that does not contain the scheduling PDCCH.


It maximizes the usable resource for PDSCH by rate matching PDSCH around WB-RS only in clusters where REs of PDCCH payload exist. However, it increases the UE implementation complexity because locations of different PDCCH candidates are different within a slot and location of the scheduling PDCCH may change from slot to slot in the CORESET. Therefore, the pattern of PDSCH rate matching around WB-RS may change within a slot and from slot to slot depending on which clusters contain the PDCCH. Figures below show the four patterns of PDSCH rate matching around WB-RS in the CORESET if the PDCCH is allocated in one cluster. In reality, the PDCCH may exist in one or multiple clusters and the maximum number of patterns is  for a CORESET with  clusters (see values in the table). 

	
	1
	2
	3
	4

	Max # of patterns
	1
	3
	7
	15








We would like to have a single pattern of PDSCH rate matching around WB-RS in the CORESET of the scheduling PDCCH in all slots so that UE complexity does not increase as the number of clusters increases. Once the CORESET is configured, the UE always rate matches PDSCH around REs corresponding to locations of the configured WB-RS in all clusters independent of actually transmitted DMRS patterns from gNB. In a cluster that contains the PDCCH, reference signals are transmitted over REs corresponding to the configured WB-RS. In a cluster that does not contain the PDCCH payload, REs corresponding to the configured WB-RS are virtual WB-RS REs which carry neither PDSCH data nor reference signals. As shown by the figure, pattern of PDSCH rate matching around WB-RS does not change within a slot or from slot to slot. 



We have the following proposal for PDSCH rate matching in CORESET configured with WB RS.
[bookmark: rm1]Proposal 10: When UE is to rate-match a PDSCH around the PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around the union of REs of the PDCCH scheduling the PDSCH and locations of the configured WB RS REs independent of actually transmitted DMRS from gNB in all clusters of the entire CORESET including any cluster that contains an RE of the scheduling PDCCH and any cluster that does not contain any RE of the scheduling PDCCH.
5 WB-RS CORESET Colliding with other Resources 
RAN1 #92bis made the agreement that when WB DMRS is configured in a CORESET, the maximum number of clusters with contiguous RBs is 4. This has taken into account dividing the CORESET into disjoint parts to avoid the collision with a SSB or any other reserved resource that is not available for CORESET. Therefore, PDCCH configuration resulting in collision between a CORESET and SSB should not be allowed if WB RS is configured in the CORESET. Accordingly, neither Case (a) nor Case (b) in Figure 3 is supported. Similarly, if WB DMRS is configured in a CORESET, PDCCH configuration resulting in collision between a CORESET and LTE-CRS should not be allowed.
[bookmark: wbrs1]Proposal 11: UE does not expect to be configured with a CORESET that collides with SSB or LTE-CRS if WB DMRS is configured in the CORESET.
Agreements:
· For WB RS CORESET, the UE is expected to be configured with the CORESET only with the following possibilities:
· Up to 4 clusters, each cluster consisting of contiguous RBs.
· It is clarified that the counting rule of CCE for channel estimation is the same between NB RS CORESET and WB RS CORESET, which implies following:
· The number of CCEs for channel estimation in case of WB RS CORESET is counted as the union of the sets of CCEs for PDCCH candidates to be monitored and hence BW of the WB RS CORESET is not restricted by CCE limit for channel estimation.
· Note: it is up to RAN4 whether UE may perform channel estimation within a BW smaller than the maximum number of contiguous RBs within the WB RS CORESET


[bookmark: _Ref521597333]Figure 3: CORESET overlaps with the other resources when WB RS is configured
6 Maximum Number of Valid DCIs
This is a resubmission of our early proposal in RAN1 #93. Currently there is no limitation on how many valid DCIs needs to be received by the UE in NR specification. In theory, for 15 kHz SCS, UE may be prepared to receive 44 DCIs in a slot considering the maximum BD limit is 44. This will be very unrealistic, but UE may be forced to be prepared for it since that case is not ruled out. In order not to make UE implementation complexity unnecessarily high, it is desirable to discuss and introduce the upper bound without hurting deployment flexibility.
The following aspects can be considered to derive the maximum number of valid DCIs per slot:
· 3 DCIs for SFI, PI and for TPC
· 1 TB, 2 TBs, 7 TBs PDSCH capable UE needs 1, 2, 7 unicast DL grant DCIs respectively.
· 1 TB, 2 TBs, 7 TBs PUSCH capable UE needs 1, 2, 7 unicast UL grant DCIs respectively.
· FDD UE may support simultaneous PDSCH and PUSCH.
· For x-carrier scheduling with mixed numerologies, 15 kHz SCS CC can schedule up to 8 120 kHz SCS CC, 30 kHz SCS CC up to 4 120 kHz SCS CC and so on.
· Maximum number of valid DCIs should not exceed the max BD candidates.
RAN1 can discuss further whether to introduce the limit with respect to each case separately or just have some simple bound similar to BD limit. For baseline UE without multi-TB capability without x-carrier scheduling capability, we propose that UE at least supports up to 4 DCIs per slot regardless of SCS and TDD/FDD. For other cases, we can discuss the limit further.
[bookmark: dci1]Proposal 12: UE shall support at least up to 4 valid DCIs per slot per carrier when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.
For cross-carrier scheduling with mixed numerologies, please refer to our contribution on “Maintenance for Carrier Aggregation and Bandwidth Parts”.
7 DCI Size Budget 
The maximum number of DCI sizes a UE monitors in a slot is 4 per cell. This may account for a fallback DCI size, a non-fallback DCI size for DL grant, a non-fallback DCI size for UL grant and a remaining DCI size for a group common DCI. If there is only one remaining DCI size and network configures both SFI and PI with different DCI sizes, the total number of DCI sizes (i.e., 5) exceeds the DCI size budget. This is not supported by the current DCI size agreements and should be considered as an error case. Accordingly, we have the following proposal.
[bookmark: size1]Proposal 13: It is treated as an error case if both DCI format 2-0 and DCI format 2-1 are configured and they have different sizes and more than 4 DCI sizes are configured.
Agreements:
· To confirm the following working assumption:
·  (working assumption) At most 4 different DCI sizes are monitored by the UE per slot
· At most 3 different DCI sizes are monitored per C-RNTI per slot
In TS 38.212 v15.2.0 section 7.3.1, the agreement above is captured at a few places such as the following as “the total number of different DCI sizes monitored per slot is no more than 4 for the cell”. However, it is unclear whether “number of different DCI sizes monitored” is evaluated before or after overbooking handling as described in TS 38.213 section 10.1.
------------------------------------------------ Spec text starts for TS 38.212 section 7 ---------------------------------------------
If DCI format 0_0 is monitored in UE specific search space but does not satisfy at least one of the following 
· the total number of different DCI sizes monitored per slot is no more than 4 for the cell, and 
· the total number of different DCI sizes with C-RNTI monitored per slot is no more than 3 for the cell 
and if the number of information bits in the DCI format 0_0 prior to padding is less than the payload size of the DCI format 1_0 monitored in common search space for scheduling the same serving cell, zeros shall be appended to the DCI format 0_0 until the payload size equals that of the DCI format 1_0.
------------------------------------------------ Spec text ends for TS 38.212 section 7 -----------------------------------------------
Based on the RAN1 #92bis conclusion, DCI size is counted across all slots based on the RRC configuration for PDCCH. Whenever there is a RRC configuration change number of DCI sizes need to be determined based on DCI size counting immediately. Given this, if DCI size is counted after overbooking handling, the UEs needs to perform overbooking handling for all slots in one shot right after UE receives the RRC PDCCH configuration change. This is not possible for UE because overbooking handling is too complicated to be finished for all slots immediately. While, counting DCI sizes is much simpler and can be done in one slot. Accordingly, we have the following proposal
[bookmark: size2]Proposal 14: UE counts the number of DCI sizes across slots based on RRC configuration for PDCCH, without taking into account PDCCH candidate dropping by overbooking handling.
Conclusion:
· It is understood that DCI sizes to monitor do not vary dynamically from slot-to-slot (other than impact due to BWP switching) but are based on RRC configuration, CSS vs. USS, and/or active BWP.
8 RRC Configuration for DCI Format 2-3
In TS 36.311 v15.2.1, a field for DCI format 2-3 configuration nrofPDCCH-Candidates is described as:
· “The number of PDCCH candidates for DCI format 2-3 for the configured aggregation level. Corresponds to L1 parameter 'SRS-Num-PDCCH-cand' (see 38.212, 38.213, section 7.3.1, 11.3)”. 
It is unclear what the “configured aggregation level” refers to. One possibility is that the “configured aggregation level” refers to all aggregation levels with non-zero candidates in the top-level field nrofCandidates. 
In the same section, the field monitoringPeriodicity is described as: 
· “Monitoring periodicity of SRS PDCCH in number of slots for DCI format 2-3. Corresponds to L1 parameter 'SRS-monitoring-periodicity' (see 38.212, 38.213, section 7.3.1, 11.3)” 
It is unclear how this field relates to the monitoringSlotPeriodicityAndOffset and duration fields defined in the search space top level configuration structure. A few questions need to be answered for this field
· Is monitoring periodicity of DCI format 2-3 independent from the general search space periodicity, e.g. is it allowed to define a periodicity of 5 slots on the top-level field monitoringSlotPeriodicityAndOffset and a periodicity of 4 slots for DCI format 2-3 in monitoringPeriodicity? If this is not allowed, what are the restrictions?
· What is the slot offset for DCI format 2-3 monitoring? Does the offset in monitoringSlotPeriodicityAndOffset apply to the periodicity for DCI format 2-3? If so, what happens if monitoringSlotPeriodicityAndOffset specifies an offset larger than the periodicity of DCI format 2-3?
· Does the duration field specified in top level apply to monitoring of DCI format 2-3?
[bookmark: rrc1]Proposal 15: Usage of monitoringPeriodicity and nrofCandidates for DCI format 2-3 needs to be clarified in descriptions of these fields. If these two fields are not sufficient for specifying DCI format 2-3 monitoring, request RAN2 to add more fields.
	dci-Format2-3							SEQUENCE {
	monitoringPeriodicity					ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }					OPTIONAL, 	-- Cond Setup
	nrofPDCCH-Candidates					ENUMERATED {n1, n2},
				...
}



9 C-RNTI, CS-RNTI Monitoring in Common Search Space
In RAN1 92bis, the following working assumption is made for fallback DCI monitoring in a common search space configured by RMSI-PDCCH-Config, osi-searchSpace, paging-searchSpace, or ra-searchSpace. The idea is that if a UE is already detecting the fallback DCI with the CRC scrambled by at least one of the SI-RNTI, P-RNTI and RA-RNTI, the UE should detect additional CRCs scrambled by C-RNTI and CS-RNTI because it does not require additional blind decode.
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.
It should be noted that an RNTI may not appear in every slot where the associated search space set is configured. For example, a search space set is configured by ra-searchSpace in a slot, but the UE may not expect message 2 in the slot because it is not performing RACH. In TS 38.213 v15.2.1, the following text seems to imply that once C-RNTI or CS-RNTI is configured, the UE always monitors them in a slot where a common search set is configured by searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, or ra-SearchSpace even if the UE does not expect to detect any DCI associated with a SI-RNTI, P-RNTI or RA-RNTI in the slot. In this case, the UE needs to perform additional blind decodes for fallback DCIs with the CRC only scrambled by C-RNTI or CS-RNTI.
------------------------------------------------ Spec text starts for TS 38.213 section 10 --------------------------------------------
If a UE is provided one or more search space sets by corresponding one or more higher layer parameters searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and the UE is provided with a C-RNTI or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with the C-RNTI or the CS-RNTI in the one or more search space sets.
------------------------------------------------ Spec text ends for TS 38.213 section 10 --------------------------------------------
In order to avoid this unintended extension of the working assumption, we have the following text proposal for TS 38.213.
-------------------------------------------- Text proposal starts for TS 38.213, Section 10 ----------------------------------------
If a UE is provided one or more search space sets by corresponding one or more higher layer parameters searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and the UE is provided with a C-RNTI or a CS-RNTI, the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with the C-RNTI or the CS-RNTI in the one or more search space sets in a slot where at least one DCI associated with SI-RNTI, RA-RNTI or P-RNTI is monitored.  
-------------------------------------------- Text proposal ends for TS 38.213, Section 10 ------------------------------------------
[bookmark: rnti1]Proposal 16: Adopt the text proposal for the monitoring of fallback DCIs associated with C-RNTI and CS-RNTI in TS 38.213. 
10 Conclusions 
In this contribution, we have discussed the remaining issues on PDCCH and have made the following proposals:
Proposal 1: When CCEs and BDs are counted for overbooking handling, the counting is only based on PDCCH RRC configuration, without taking PDCCH candidate dropping into account. 
Proposal 2: UE does not expect to be configured with overlapping PDCCH candidates within the same search space set for a serving cell. 
Proposal 3: Adopt the text proposal for blind decode and CCE counting in TS 38.213. 
Proposal 4: Adopt the text proposal for overbooking handling in TS 38.213. 
Proposal 5: For CA with cross-carrier scheduled CCs with a same numerology, BDs and CCEs of the PDCCH candidates associated with each CC are counted separately. PDCCH candidates associated with PCell or PScell are mapped based on the non-CA limit. Network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit 
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells does not exceed the BD or CCE limit in a slot that the UE shall support
· If search space sharing is supported, count CCEs and BDs for each CC separately based on the shared search space
As a result, there is no PDCCH overbooking handling for SCells.
Proposal 6: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, calculate the X0, X1, X2, X3 and corresponding T= X0 + X1 + X2 + X3 where Xi denotes the total number of scheduling CCs that have numerology i plus the total number of CCs scheduled by CCs that have numerology i. For numerology i, the maximum total number of (BDs or CCEs) for these Xi DL-CCs is given by 
· Floor{Xi / T * (Mi or Ni) * y} per slot of the numerology i, if T is > 4 and UE reports BD capability of y < T
· Xi*(Mi or Ni) per slot of the numerology i,  if T is <= 4 or the UE reports BD capability of y >= T 
· 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
Proposal 7: For CA with cross-carrier scheduled CCs where at least two CCs have different numerologies, the number of BDs/CCEs of PDCCH candidates associated with each CC is counted separately per CC. The number of BDs/CCEs of PDCCH candidates associated with PCell or PSCell does not exceed the limit for non-CA case. Network ensures that 
· The number of separately counted BDs or CCEs of configured PDCCH candidates associated with each SCell does not exceed the respective non-CA case limit
· Summation of the number of separately counted BDs or CCEs of mapped PDCCH candidates associated with PCell (PSCell) and the number of separately counted BDs or CCEs of configured PDCCH candidates associated with SCells in the set of Xi CCs does not exceed the max number of BDs or CCEs per the numerology i slot the UE shall support for the set of Xi CCs
· If search space sharing is supported, count CCEs and BDs for each CC separately based on the shared search space
As a result, there is no PDCCH overbooking handling for SCells.
Proposal 8: Adopt the text proposal for Case 1-2 definition in TS 38.213. 
Proposal 9: Adopt the text proposal for Case 2 PDCCH monitoring capability in TS 38.213. 
Proposal 10: When UE is to rate-match a PDSCH around the PDCCH scheduling the PDSCH, and PDCCH is received in the CORESET configured with WB RS, the UE shall rate-match around the union of REs of the PDCCH scheduling the PDSCH and locations of the configured WB RS REs independent of actually transmitted DMRS from gNB in all clusters of the entire CORESET including any cluster that contains an RE of the scheduling PDCCH and any cluster that does not contain any RE of the scheduling PDCCH.
Proposal 11: UE does not expect to monitor PDCCH in a CORESET that collides with SSB or LTE-CRS if WB DMRS is configured in the CORESET.
Proposal 12: UE shall support at least up to 4 valid DCIs per slot per carrier when UE does not support multi-TB capability and cross-carrier scheduling with mixed numerologies.
Proposal 13: It is treated as an error case if both DCI format 2-0 and DCI format 2-1 are configured and they have different sizes and more than 4 DCI sizes are configured.
Proposal 14: UE counts the number of DCI sizes across slots based on RRC configuration for PDCCH, without taking into account PDCCH candidate dropping by overbooking handling.
Proposal 15: Usage of monitoringPeriodicity and nrofCandidates for DCI format 2-3 needs to be clarified in descriptions of these fields. If these two fields are not sufficient for specifying DCI format 2-3 monitoring, request RAN2 to add more fields.
Proposal 16: Adopt the text proposal for the monitoring of fallback DCIs associated with C-RNTI and CS-RNTI in TS 38.213. 
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