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Introduction
In this contribution, we will discuss the following remaining open topics of DL control  
· PDCCH structure and search-space design:
· TCI state for CORESET#0 
· Collision of CORESETs with different QCL
· BD/CCE limits for serving cells with mixed numerology
· TP: CORESET configuration
· TP: Interleaver initialization for ControlResourceSetZero
· Configuration of TYPE0-TYPE2 search-spaces for BWPs of Feature 6-1a
· On monitoring of OSI and paging by RRC connected UE
CORESET#0 configurations and TCI state 
In RAN1#91 MIMO AI agreed:
Agreement:
A candidate set of DL RSs are configured using RRC mechanism
Each state of M TCI states is RRC configured with a downlink RS set used as a QCL reference, and MAC-CE is used to select up to 2^N TCI states out of M for PDSCH QCL indication
The same set of M TCI states are reused for CORESET
K TCI states are configured per CORESET 
When K>1, MAC CE can indicate which one TCI state to use for control channel QCL indication
When K=1, no additional MAC CE signaling is necessary
  
The above agreement says that the TCI states configured in pdsch-Config shall be used also for CORESET. And it is unclear why “re-indexing” of TCI states is performed in ControlResrouceSet (see below). 
[image: ]
Observation-1: TCI states configured in pdsch-Config IE are only re-indexed in ControlResrouceSet configuration IE.
The MAC-CE command (below) from TS38.321, indicating a TCI State ID, currently points to the ID as configured in pdsch-Config, this means that tci-StatesPDCCH-ToAddList IE in ControlResourceSet IE is an obsolete parameter, except for the case when gNB wants to set different QCL for PDCCH and PDSCH, but does not want to use MAC-CE command. However, this is a minor restriction, which could be tolerated for CORESET#0. In other words, default TCI state would not be available for CORESET#0. Furthermore, CORESET#0 would be typically used for RACH, and in this case, UE adopts anyway QCL Type-D from SSB/CSI-RS associated with selected PRACH preamble. Therefore, default QCL for CORESET#0 is typically not needed. 

	[bookmark: _Hlk525832135].1.3.15	TCI State Indication for UE-specific PDCCH MAC CE
The TCI State Indication for UE-specific PDCCH MAC CE is identified by a MAC PDU subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	BWP ID: This field contains BWP-Id, as specified in TS 38.331 [8], of a downlink bandwidth part for which the MAC CE applies. The length of the BWP ID field is 2 bits;
-	CORESET ID: This field indicates a Control Resource Set identified with ControlResourceSetId as specified in TS 38.331 [8], for which the TCI State is being indicated. The length of the field is 2 bits;
-	TCI State ID: This field indicates the TCI state identified by TCI-StateId as specified in TS 38.331 [8] applicable to the Control Resource Set identified by CORESET ID field. The length of the field is 7 bits;
-	R: Reserved bit, set to "0".


Figure 6.1.3.15-1: TCI State Indication for UE-specific PDCCH MAC CE




Observation-2: tci-StatesPDCCH-ToAddList IE in ControlResourceSet IE is useful only if gNB wants to configure default TCI state for PDCCH that is different for TCI state for PDSCH (as TCI state with the first index).
Observation-3: TCI state can be indicated for CORESET#0 in MAC-CE 
Collision of CORESETs with different QCL
The issue to be addressed is the collision of two monitoring occasions from two CORESETs with different TCI-state. The MIMO AI summary in previous meeting states that this issue shall be handled in PDCCH AI. And PDCCH AI offline proposal has been the following:
Offline proposal:
· For a UE monitors multiple search spaces associated with different CORESETs,
· if the monitoring occasions of the search spaces are overlapped in time [or are separated less than Threshold-Sched-Offset in time], the UE may assume that the DM-RS of PDCCHs in the search spaces are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID among the CORESETs associated with the search spaces.
The above proposal looks fine at the first glance. However, for configuration example in Figure 1, where value of parameter Threshold-Sched-Offset is assumed to be 14 symbols and three CORESETs (#0, #1 and #2) are configured with associated monitoring occasions. In first two slot, it is clear that TCI is determined by CORESET#0. However, in third slot, TCI state of CORESET#1 would be followed, which is obviously wrong.      



Figure 1 Example of CORESET configuration 

Therefore, we propose the following rule instead: 
Proposal-1: If the starting symbol of a current monitoring occasion is separated from the last symbol of the most recent monitoring occasion by 1 to Threshold-Sched-Offset symbols, the UE may assume that the DM-RS of PDCCHs in the current monitoring occasion are quasi co-located with the RS(s) in the TCI state used for monitoring PDCCHs in the most recent monitoring occasion. Otherwise, UE assumes that the DM-RS of PDCCHs in the current monitoring occasion are quasi co-located with the RS(s) in the TCI state indicated for the CORESET with the lowest ID among CORESETs associated with monitoring occasions with the same starting symbol.

Open issues on BD and CCE capabilities in CA
BD/CCE capability in CA and BWP adaptation:
In RAN1#93, WA on difficult CA case where capability y is smaller than number of configured serving cells T (T>y). And it was not clear how this WA interacts with BWP adaptation.
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

For BWP features 6-1, 6-2 and 6-3, configured dedicated BWP(s) of a serving cell are of the same numerology while initial BWP can be of different numerology. In 6-4, also dedicated BWP can be configured with different numerology. In mandatory feature 6-1, BWP can be changed only by RRC reconfiguration, therefore there is no impact from dynamic switching. However, in the other features, active numerology of a serving cell can change dynamically. We see two alternatives how to determine BD limits:
· Alt1: Determination based on active numerology, the BD/CCE limit per SCS group will dynamically change on slot bases.
· Alt2: The numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.  

On one hand, following the spirit of the above Working assumption, Alt1 would be more optimal choice. On the other hand, dynamic change of BD limits would be difficult to implement, unless gNB configures the same number of BDs to all BWPs of cells of the given SCS. Furthermore, mixed numerology deployment can be achieved by configuring two serving cells, each serving cell with BWPs of the same numerology. Therefore, not optimizing the capability signalling for mixed numerology in a serving cell would be acceptable to us, and we therefore propose the Alt2.
Proposal-2: A numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.  
CORESET configuration
RAN1 TS 38.213 specification in sub-clause 10.1 say:



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first common RB of the first group of 6 PRBs has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.

RAN2 configures frequency domain resources using bitmap of 45 bits
[bookmark: _Hlk504372411]frequencyDomainResources				BIT STRING (SIZE (45)),

While the RAN1 specification talks about the one-to-one mapping of bitmap bits to groups of 6PRBs in BWPs in ascending order. It is not very clear how the bits are mapped to 45-bit bitmap, i.e. which bit corresponds to which 6PRB group. For example, in Figure 2, the following two alternatives follow the above specification text; both are one-to-one mapping, and both are in ascending order. In the Alt1, first 6PRB group is mapped to MSB of bitmap. In the Alt 2, first PRB groups is mapped to  bit of the bitmap.    
· Alt1: 11111111000000…  
· Alt2: 00000111111110…


Figure 2 Example of CORESET configuration

Our preferred alternative is Alt1 because it is simpler. Text proposal TS38.213 Section 10.1
	…..



For each control resource set in a DL BWP of a serving cell, a respective higher layer parameter frequencyDomainResources provides a bitmap. The bits of the bitmap have a one-to-one mapping with non-overlapping groups of 6 consecutive PRBs, in ascending order of the PRB index in the DL BWP bandwidth of  PRBs with starting position  where the first common RB of the first group of 6 PRBs mapped to the MSB of the bitmap has index . A group of 6 PRBs is allocated to a control resource set if a corresponding bit value in the bitmap is 1; else, if a corresponding bit value in the bitmap is 0, the group of 6 PRBs is not allocated to the control resource set.
…..



Interleaver initialization for ControlResourceSetZero
CORESET#0 configured for some UEs by SIB1 or PBCH can be for other UEs configured by dedicated parameter pdcch-ConfigCommon. The following update is essential. 
TP for TS 28.211 in sub-clause 7.3.2.2
	…..
The interleaver is defined by 



where  is given by the higher-layer parameter interleaverSize and where

-	 for a PDCCH transmitted in a CORESET configured by the PBCH or SIB1 by ControlResrouceSetZero, and 

-	otherwise  is given by the higher-layer parameter shiftIndex.
…..



Configuration of TYPE0-TYPE2 search-spaces for BWPs of Feature 6-1a
In Features 6-1a, there can be a BWP on a Pcell, which is not overlapping with the CD-SSB. For such a BWP TYPE0-TYPE2 (which can be configured only in pdcch-ConfigCommon) cannot be (at moment) configured, because it would break RAN2 consistency rule if SIB1 broadcasts pdcch-ConfigCommon for initial DL BWP.
During the offline discussion two options were identified 
· Option-1: For non-overlapping DL BWP, PDCCH-ConfigCommon for the DL BWP provides CSS configurations that could be inconsistent from what was configured by broadcast SIB1.
· Consistency rule may need to be updated by RAN2 with the following “pdcch-ConfigCommon  does not need to be consistent with SIB1 on a BWP, if the BWP does not contain CD-SSB.”
· No RAN1 impact
· Option-2: For non-overlapping DL BWP, CSS configured in PDCCH-Config (i.e., Type3-CSS) is used to receive SI, Paging, random access.
· No RAN2 impact 
· RAN1 spec clarifies that UE receives SI, Paging, random access, from Type3-CSS (this is what 213 spec editor Aris asked during CR review phase)

We see an issue with Option 2, as it forces the TYPE0-TYPE3 search-space-set to have the identical configuration. On the other hand, for Option 1 the RAN2 consistency rule is not an issue now nor in the future.  Because if BWP on an Scell does not have SSB, UE cannot receive SIB1, and thus cannot read it. Therefore, we have the following proposal:
Proposal-3: Kindly ask RAN2 to update consistency rule of pdcch-ConfigCommon with the following “pdcch-ConfigCommon does not need to be consistent with pdcch-ConfigCommonSIB1 on a BWP, if the BWP does not contain CD-SSB. 
TYPE0A and TYPE2 monitoring for RRC connected UE
In RAN2#103, RAN2 agreed that in PDCCH-ConfigCommon, delivered in SIB1, the IEs searchSpaceSIB1, searchSpaceOtherSystemInformation and pagingSearchSpace needs to be always present, and if not present, UE will not monitor the corresponding search space. And sent LS to RAN1 [1]
	pagingSearchSpace
ID of the Search space for paging. Corresponds to L1 parameter 'paging-SearchSpace' (see 38.213, section 10). If the field is absent, UE does not receive paging in this BWP the monitoring occasions are derived as described in 38.213, section 10.1 and section 13.


	searchSpaceOtherSystemInformation
ID of the Search space for other system information, i.e., SIB2 and beyond. Corresponds to L1 parameter 'osi-SearchSpace' (see 38.213, section 10) If the field is absent, UE does not receive other system information in this BWP the monitoring occasions are derived as described in 38.213, section 10.1 and section 13.




In this section we will tackle the monitoring for paging and OSI after TCI-state is indicated for a CORESET carrying paging and OSI search-space. We will assume that only ControlResourceSetZero and commonControlResourceSet can carry TYPEA0 and TYPE2 search-space, and we will assume that for both CORESETs TCI-state can be indicated by MAC-CE as discussed in Section 2. 
[bookmark: _Hlk525818797][bookmark: _GoBack]In initial access agenda, there are two search-space associations for paging and OSI, default and non-default. An example of default monitoring is depicted on Figure 3, for Case 3, 30khz SCS, M=1 and O=0 as defined in sections 4.1 and 13 in TS38.213


Figure 3 And example of default monitoring (beamsweep)


Non-default association for paging occasion is illustrated in Figure 4. We assume a search-space IE configured periodicity 1, and gNB configured UE with transmitted SSB pattern ssb-PositionsInBurst including SSB #0 and #4. 



Figure 4 Example of non-default beam-sweep given by ssb-PositionsInBurst pattern and SearchSpace configuration
The UE behaviour in RRC CONNECTED when TCI state is indicated for CORESET (i.e. given by ControlResourceSetZero or commonControlResourceSet) used for OSI or paging delivery should be clarified. The above default and non-default beam sweep is defined only for QCL-D based on SSBs, i.e. not based on CSI-RS/|TRS. However, even if QCL TYPE-D in a TCI state is a CSI-RS/TRS, the source for the CSI-RS/TRS can be an SSB. 
Therefore, we propose that if the TCI state indicated for a CORESET is with QCL-D TRS/CSI-RS having SSB as a source/reference, UE would monitor for the PDCCH delivering, either paging or OSI, as determined by the corresponding search space/monitoring occasion definition from the PDCCH monitoring occasions that are associated with the source/reference SSB corresponding to the TCI state. If the TCI state indicated for a CORESET is with QCL-D TRS/CSI-RS not having SSB as source, UE monitors OSI/paging on all the configured PDCCH monitoring occasions within the SI-window/ paging occasion, using the QCL-D provided by TCI state. Based on this behaviour, a gNB will know when UE monitors for paging and OSI in RRC CONNECTED state.  
Proposal-4: For determination of monitoring occasions for paging and OSI in a CORESET for which a TCI state has been indicated
1. if the TCI state is with QCL-D TRS/CSI-RS having a SSB as source, a UE would monitor default/non-default (up to IA AI) association for the SSB.
1. if the TCI state is with QCL-D TRS/CSI-RS not having SSB as source, a UE monitors all the monitoring occasions within the OSI/paging window/occasion defined be by SearchSpace using the QCL-D provided by the TCI state.
	 
	Conclusions
In this contribution, we have discussed remaining details of R15 NR PDCCH design. Based on the discussion, we make the following proposals and observations and two TPs:
[bookmark: _Hlk505720451]Observation-1: TCI states configured in pdsch-Config IE are only re-indexed in ControlResrouceSet configuration IE.
Observation-2: tci-StatesPDCCH-ToAddList IE in ControlResourceSet IE is useful only if gNB wants to configure default TCI state for PDCCH that is different for TCI state for PDSCH (as TCI state with the first index).
Observation-3: TCI state can be indicated for CORESET#0 in MAC-CE 
Proposal-1: If the starting symbol of a current monitoring occasion is separated from the last symbol of the most recent monitoring occasion by 1 to Threshold-Sched-Offset symbols, the UE may assume that the DM-RS of PDCCHs in the current monitoring occasion are quasi co-located with the RS(s) in the TCI state used for monitoring PDCCHs in the most recent monitoring occasion. Otherwise, UE assumes that the DM-RS of PDCCHs in the current monitoring occasion are quasi co-located with the RS(s) in the TCI state indicated for the CORESET with the lowest ID among CORESETs associated with monitoring occasions with the same starting symbol.
Proposal-2: A numerology of serving cell for BD/CCE limit is determined by the BWP with the lowest configured SCS in the serving cell. The BD/CCE limits of other BWP of the serving cell are linearly scaled down and rounded.
Proposal-3: Kindly ask RAN2 to update consistency rule of pdcch-ConfigCommon with the following “pdcch-ConfigCommon does not need to be consistent with pdcch-ConfigCommonSIB1 on a BWP, if the BWP does not contain CD-SSB. 
Proposal-4: For determination of monitoring occasions for paging and OSI in a CORESET for which a TCI state has been indicated
1. if the TCI state is with QCL-D TRS/CSI-RS having a SSB as source, a UE would monitor default/non-default (up to IA AI) association for the SSB.
1. if the TCI state is with QCL-D TRS/CSI-RS not having SSB as source, a UE monitors all the monitoring occasions within the OSI/paging window/occasion defined be by SearchSpace using the QCL-D provided by the TCI state.
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-- ASNISTART
-- TAG-CONTROLRESOURCESET-START

ControlResourceSet :: SEQUENCE {

controlResourceSetId

frequencyDomainResources
duration

ControlResourceSetId,

BIT STRING (SIZE (45)),
INTEGER (1..maxCoReSetDuration),

cce-REG-MappingType CHOICE ({
interleaved SEQUENCE {
reg-BundleSize ENUMERATED {n2, n3, né6},
interleaverSize ENUMERATED {n2, n3, n6},
shiftIndex INTEGER (0. .maxNrofPhysicalResourceBlocks-1) OPTIONAL -- Need S
I
nonInterleaved NULL
i
precoderGranularity ENUMERATED {sameAsREG-bundle, allContiguousRBs},
tci-StatesPDCCH-ToAddList SEQUENCE (SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-Stateld OPTIONAL, -- Need N
tci-StatesPDCCH-ToReleaseList SEQUENCE (SIZE (1..maxNrofTCI-StatesPDCCH)) OF TCI-StateId OPTIONAL, -- Need N
tci-PresentInDCI ENUMERATED {enabled} OPTIONAL, -- Need S
pdcch-DMRS-ScramblingID INTEGER (0..65535) OPTIONAL, -- Need S
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