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1 Introduction

In this contribution, we provide some proposals and text proposals to further clarify some remaining issues of search space, configuration of CORESET, PDCCH monitoring and DCI format size and so on.

2 TCI state configuration for CORESET#0

In RAN1 #94 meeting, the following agreement on TCI-state configuration for the CORESET#0 has been made.

	Conclusion:

No new RRC signaling for TCI-state configuration for the CORESET#0 is introduced.

No new MAC-CE for TCI-state indication for the CORESET#0 is introduced.

FFS: Whether the existing RRC configuration and/or existing MAC-CE field can be used to configure/indicate dedicated TCI-state or SSB index for the CORESET#0

FFS: Whether/how to support BFR for the CORESET#0


In RAN1 #93 meeting, the following agreement on  TCI-state configuration for the CORESET#0 has been made.

	Agreements:

Update previous agreements as follows:

NW and UE maintain the same understanding on SSB/CORESET#0/SS#0 in connected_mode at least for non-broadcast PDCCH and for broadcast PDCCH
Solutions FFS

For the broadcast PDCCH, it is up to UE which common search space to monitor based on which SSB in both connected, in-active, and idle modes

Unicast PDSCH can be scheduled by a DCI associated with the CORESET #0


In RAN1 #93 meeting, following alternatives were identified:

	Alt. 1: Clarify that broadcast PDSCH uses selected SSB as QCL source for receiving broadcast data and that configured TCI states for CORESET #0 are used for reception of unicast data scheduled by PDCCH on search spaces other than SS#0

Alt. 1’: TCI state can be configured for CORESET #0 where the QCL reference is only an SSB. Once TCI state is configured for CORESET #0, the UE follows QCL assumption based on the TCI state configuration for both broadcast PDCCH and unicast PDCCH in the search space set(s) associated with the CORESET #0

Alt. 2: CORESET #0 is not RRC configured with TCI states. According to the agreement above, the selected SSB is used as the QCL reference for reception of both broadcast and unicast PDCCH transmitted in CORESET #0. The selected SSB is either (a) indicated explicitly to the UE by MAC-CE signalling. The MAC-CE message contains the ID of the selected SSB, or (b) determined by the UE through any contention based RACH procedure. The selected SSB is the most recent one between (a) MAC-CE and SSB selected as part of CBRA or CFRA(b).

Alt. 3: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established.

Alt. 3’: Any search space associated with the CORESET #0 cannot be used for unicast PDCCH with QCL Type D after RRC connection is established. Align 6 PRB grid b/w CORESET #0 and other CORESETs. CORESET other than #0 can be configured for unicast PDCCH so that same physical resource configuration with the CORESET #0 with dedicated TCI-state configuration. In this case, no need to configure TCI state on CORESET #0 itself.

Note:

· Regardless of alternatives, for CFRA, RACH-ConfigDedicated configures one or more of SSB(s) or CSI-RS(s) to configure PRACH preamble/resource, then the selected SSB/CSI-RS will be the QCL reference for the new CORESET #0 after the CFRA.
· Regardless of alternatives, the SSB is selected by the UE for CORESET#0 after the CBRA.


In Alt.1 or Alt. 1’, considering that no new RRC signaling for TCI-state configuration for the CORESET#0 is introduced, the NW may reconfigure CORESET #0 by the RRC information element ControlResourceSet in PDCCH-Config in order to indicate TCI-state configuration for the CORESET#0. However, it is required that any CORESET configured by ControlResourceSet in PDCCH-Config is alignment with 6PRB grid. Therefore, it cannot be guaranteed that the CORSET0 configured by ControlResourceSet in PDCCH-Config is consistent with the CORSET0 configured by pdcch-ConfigSIB1 in MasterInformationBlock or PDCCH-ConfigCommon. As for Alt.2, in the current specification of 38.321, it is not yet supported that MAC-CE message contains the ID of the selected SSB. We also agree that unicast PDSCH can be scheduled by a DCI associated with the CORESET #0. Therefore, Alt.3’ should also be excluded.

Then, some additional options can be considered to configure TCI-state for the CORESET#0.

Option 1: According to reference [1], the TCI for unicast PDCCH in CORESET0 is determined through the random access process. 

Option 2: It is assumed that TCI-state for the unicast PDCCH in CORESET0 is the same as that of another CORESET. For example, TCI-state for unicast PDCCH in the CORESET#0 is same as the first CORESET excluding CORESET0, and QCL reference for the first CORESET is only an SSB. In this option, if one gNB wants to configure only one actual CORESET for one UE, the gNB may configure CORESET0 and another CORESET whose bitmap field corresponding to frequency domain resources are set to all 0.
In option 1, it have to obtain the TCI for unicast PDCCH in CORESET0 by frequent random access procedures due to frequent beam changes. Those random access procedures will increase the burden of PRACH resource and cause interference to adjacent cells. For efficiency, we suggest that option 2 is adopted to obtain TCI state configuration for unicast PDCCH in the search space set(s) associated with the CORESET #0

Proposal 1: TCI state for unicast PDCCH in the search space set(s) associated with the CORESET0 are obtained from another CORESET by introducing implicit rules.
3 Search space

The search space generation in 38.213 is updated after last meeting, assuming no RRC impact .
-------------------------------------Current specification description in 38.213 section 10.1----------------------------------
	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with 
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 search space sets where, for each search space set from the 
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 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 

-
a search space set index 
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, by higher layer parameter searchSpaceId; 

-
an association between the search space set 
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 and a control resource set 
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 by higher layer parameter controlResourceSetId; 

...

For a search space set 
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 associated with control resource set 
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, the CCE indexes for aggregation level 
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for a UE-specific search space, 
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 values for a CCE aggregation level 
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 of search space set 
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 in control resource set 
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A search space set is defined per cell in the specs. For cross-carrier scheduling, there is no association between search space set 
[image: image20.wmf]s

 in cross-carrier scheduled cell and control resource set 
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in the scheduling cell. As indicated by yellow highlighted text, the hashing function is defined per search space. So, the current text is unclear for the association of search space and CORESET in case of cross-carrier scheduling. The following proposed ext explicitly state that missing association. 

Further, the “control resource set 
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” in the end of cited text is unclear on which cell it belong to. Actually, the search space set and CORESET are independently configured for each carrier. For cross carrier scheduling, CORESET p is not necessarily configured in the serving cell. Thus, we propose to remove it.

TP 1: Capture following description in section 10.1 of 38.213. 
-------------------------------------Text Proposal for 38.213 section 10.1----------------------------------

	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with 
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 search space sets where, for each search space set from the 
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 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 

-
a search space set index 
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, 
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, by higher layer parameter searchSpaceId; 

-
an association between the search space set 
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 and a control resource set 
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 by higher layer parameter controlResourceSetId; If configured with a carrier indicator field by higher layer parameter CrossCarrierSchedulingConfig, the search space set 
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for serving cell is associated with control resource set 
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of the scheduling cell based on higher layer parameter controlResourceSetId of the search space set 
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for the scheduling cell.
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for a UE-specific search space, 
[image: image32.wmf])

(

max

,

,

L

s

p

M

 is the maximum of 
[image: image33.wmf])

(

,

,

L

n

s

p

CI

M

 over all configured 
[image: image34.wmf]CI

n

 values for a CCE aggregation level 
[image: image35.wmf]L

 of search space set 
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 in control resource set 
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4 Number of BD/CCEs
In the current specification, the scrambling sequence generator for PDCCH payload shall be initialized with
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 is given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch-DMRS-ScramblingID is configured, and

-
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 otherwise.

 For CSS, the scrambling is configured differently. Two PDCCH candidates belong to CSS and USS respectively may have different scrambling sequences when they have the same CCEs and same DMRS scrambling. Therefore, the two decoding operations are required for the two PDCCH candidates with the same CCEs. So, we suggest that different PDCCH payload scrambling should be considered as different PDCCH blind detection .

TP 2: Capture following description in section 10.1 of 38.213. 
-------------------------------------Text Proposal for 38.213 section 10.1----------------------------------

	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 
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 downlink cells, and the UE is configured with 
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 downlink cells with subcarrier spacing configuration 
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, and for scheduling on a same cell or for cross-carrier scheduling over the 
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 downlink cells, the UE is expected to be able to monitor a total of 
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 PDCCH candidates for DCI formats with different size and/or different PDCCH payload scrambling sequences and/or different corresponding DM-RS scrambling sequences per slot over the 
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 non-overlapped CCEs per slot over the 
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. The maximum number of PDCCH candidates and the maximum number of non-overlapped CCEs per slot and per cell of the 
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5 PDCCH monitoring
5.1 PDCCH monitoring for beam failure recovery
For PDCCH mapping mechanism during BFR procedure, there are the following two alternatives.

Alt.1: A high priority search space set is configured for BFR search space set. The gNB can also ensures the BD/CCE for BFR and CSS to not exceed the limit of BD/CCE  of the serving cell.

Alt.2: The BFR search space set is the highest priority among all search space sets for PDCCH candidate mapping rule during BFR procedure. In Alt.2, PDCCH candidates associated with CSS sets may be dropped due to BFR search spces. This would mean that BFR search space set has higher priority than CSS sets.

In Alt.1, it can let gNB configuration ensures that BFR search space is not dropped due to BD/CCE limitation. This is similar as how gNB guarantee that at least one USS set is not dropped for one UE. Thus we prefer option 1 as the solution. In the current PDCCH mapping mechanism, it is concluded that the PDCCH candidates in CSS sets are not dropped. It seems that Alt.2 need modify that conclusion and may not be proper at this stage.
Proposal 2: A high priority search space set is configured for BFR search space set. The gNB can also ensures the BD/CCE for BFR and CSS to not exceed the limit of BD/CCE  of the serving cell.
5.2 C-RNTI, CS-RNTI Monitoring in Type 3 CSS
In current specification of 38.213, the description for Type 3 CSS is shown as following:

	- a Type3-PDCCH common search space set configured by SearchSpace in PDCCH-Config with searchSpaceType = common for DCI formats with CRC scrambled by INT-RNTI, SFI-RNTI, TPC-PUSCH-RNTI, TPC-PUCCH-RNTI, or TPC-SRS-RNTI and, only for the primary cell, C-RNTI, MCS-C-RNTI, or CS-RNTI(s); and


In RAN1 #94 meeting, it is concluded that a UE can be configured to monitor DCI format 0_0/1_0 in a CSS.

	Conclusion:

The following is RAN1’s common understanding (no spec impact):

......

If a UE is configured to monitor DCI format 0_0/1_0 in a CSS in the SearchSpace of the PDCCH-Config on the PCell, the UE monitors all the RNTIs that UE is configured to monitor, based on the SearchSpace configuration.


However, it is unclear when one UE needs to monitor C-RNTI or CS-RNTI in the Type 3 CSS. There are the following several possible understandings.

Option 1: UE monitor C-RNTI or CS-RNTI only when DCI format 0-0/1-0 is configured for Type 3 CSS.

Option 2: UE monitor C-RNTI or CS-RNTI if at least one of DCI formats with the same size as DCI format 0-0/1-0 is configured for Type 3 CSS.

Option 3: UE monitor C-RNTI or CS-RNTI regardless of which DCI formats are configured for Type 3 CSS.

In both option 1 and option 2, the number of BD/CCE for monitoring Type 3 CSS is not increased due to the detection for C-RNTI or CS-RNTI. In addition, we think that the understanding in option 2 is more reasonable.

 Proposal 3：It should be clarified when one UE needs to monitor C-RNTI or CS-RNTI in the Type 3 CSS.

6 DCI format size
6.1 Alignment operation among different DCI format sizes

In current specification of 38.212, Configuration for PDCCH-ConfigCommon and PDCCH-Config is shown as following:

-------------------------------------Current specification description in 38.212 section 7.3.1----------------------------------
	7.3.1.1.1
Format 0_0
DCI format 0_0 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
-
Identifier for DCI formats – 1 bit

-
The value of this bit field is always set to 0, indicating an UL DCI format
-
Frequency domain resource assignment – 
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 is the size of the active UL bandwidth part in case DCI format 0_0 is monitored in the UE specific search space and satisfying
-
the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
-
otherwise, 
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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 configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor 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.

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 configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor 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 larger than the payload size of the DCI format 1_0 monitored in common search space for scheduling the same serving cell, the bitwidth of the frequency domain resource allocation field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 equals to the size of the DCI format 1_0.
If DCI format 0_0 is monitored in UE specific search space and satisfies both of the following 
-
the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor 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 UE specific 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.
....
7.3.1.2.1
Format 1_0
DCI format 1_0 is used for the scheduling of PDSCH in one DL cell. 

The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI:
-
Identifier for DCI formats – 1 bits
-
The value of this bit field is always set to 1, indicating a DL DCI format
-
Frequency domain resource assignment – 
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 is the size of the active DL bandwidth part in case DCI format 1_0 is monitored in the UE specific search space and satisfying
-
the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
otherwise, 
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 is the size of CORESET 0.
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If DCI format 1_0 is monitored in UE specific search space and satisfies both of the following 
-
the total number of different DCI sizes configured to monitor is no more than 4 for the cell, and 
-
the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
and if the number of information bits in the DCI format 1_0 prior to padding is less than the payload size of the DCI format 0_0 monitored in UE specific search space for scheduling the same serving cell, zeros shall be appended to the DCI format 1_0 until the payload size equals that of the DCI format 0_0.


In the current specification of 38.212, there are some statements that describing alignment among different DCI format size, and the different execution order among these statements will result in different result of DCI format size alignment. However, execution order among these statements is not specified in the current specification. Therefore, we suggest that the order of execution among these statements should be clarified.

For the two places describing DCI format size alignment highlighted with yellow and green, we understand that it should first perform the yellow-highlighted operation and then execute green-highlighted statements corresponding to the four ‘if’ sentences. However, the current specification does not clarify that. The yellow parts go first.

Among the four ‘if’ sentences highlighted with green, one understanding would be that four are performed sequentially. In this way, at most two if sentences are executed. Another understanding is that only one of the four ‘if’ sentences is performed, since the conditions of the four ‘if’ statements are mutually exclusive. To achieve this, it would be better to state in ways of if-else.

In addition, such as the blue highlighted statement, it needs to be decided with on the total number of different DCI sizes and the total number of different DCI sizes with C-RNTI. How to count DCI format sizes configured to monitor will affect validating those statements. However, in the current specification, it is not clear about how to count DCI format sizes configured to monitor. For example, the DCI format sizes between USS format 0-0 and USS format 1-0 are not aligned before the four ‘if’ sentences is executed. Is USS format 0-0 and USS format 1-0 counted as 1 or 2 DCI format sizes configured to monitor? We list the table of DCI sizes, shown in Appendix. It is from RAN1 #92 meeting summary of DCI content. We prefer to count USS format 0-0 and USS format 1-0 as one DCI size configured to monitor. Similarly, we prefer to clarify that CSS format 0-0/1-0/2-2/2-3 is counted as one DCI format size configured to monitor.

Proposal 4: The order of execution among some statements describing DCI format size alignment should be clarified.

Proposal 5: In current specification of 38.213, it is not clear about how to count DCI format sizes configured to monitor. It should be clarified that USS format 0-0/1-0 is counted as one DCI format size configured to monitor，and CSS format 0-0/1-0/2-2/2-3 is counted as another DCI format size configured to monitor.
6.2 Number of DCI format sizes for CA
In current specification of 38.213, the description for number of DCI format sizes monitored  by one UE is shown as following:
	A UE expects to monitor PDCCH candidates for up to 4 sizes of DCI formats that include up to 3 sizes of DCI formats with CRC scrambled by C-RNTI per serving cell. The UE counts a number of sizes for DCI formats per serving cell based on a number of configured PDCCH candidates in respective search space sets. 


The above description does not conform that the maximum number of DCI format sizes does not exceed 2 for a scheduled cell for cross carrier scheduling. More specifically, only DCI format 0-1/1-1 can be used for cross carrier scheduling. That is to say, at most 2 sizes of DCI formats are monitored for a scheduled cell by another scheduling cell.

Proposal 6: A UE expects to monitor PDCCH candidates for up to 2 sizes of DCI formats per serving cell scheduled by another scheduling cell.
7 Conclusion

In this contribution, we provide some views on remaining issues of search space, configuration of CORESET, PDCCH monitoring and DCI format size. We have proposals for the opening details of DL control. We also gives 2 of TPs in following.
Proposal 1: We suggest that TCI state for unicast PDCCH in the search space set(s) associated with the CORESET0 are obtained from another CORESET by introducing implicit rules.
Proposal 2: A high priority search space set is configured for BFR search space set. The gNB can also ensures the BD/CCE for BFR and CSS to not exceed the limit of BD/CCE  of the serving cell.
Proposal 3：It should be clarified when one UE needs to monitor C-RNTI or CS-RNTI in the Type 3 CSS.

Proposal 4: The order of execution among some statements describing DCI format size alignment should be clarified.

Proposal 5: In current specification of 38.213, it is not clear about how to count DCI format sizes configured to monitor. It should be clarified that USS format 0-0/1-0 is counted as one DCI format size configured to monitor，and CSS format 0-0/1-0/2-2/2-3 is counted as another DCI format size configured to monitor.
Proposal 6: A UE expects to monitor PDCCH candidates for up to 2 sizes of DCI formats per serving cell scheduled by another scheduling cell.
TP 1: Capture following description in section 10.1 of 38.213. 
	For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with 
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 search space sets where, for each search space set from the 
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 search space sets, the UE is provided the following by higher layer parameter SearchSpace: 

-
a search space set index 
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, by higher layer parameter searchSpaceId; 

-
an association between the search space set 
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 and a control resource set 
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 by higher layer parameter controlResourceSetId; If configured with a carrier indicator field by higher layer parameter CrossCarrierSchedulingConfig, the search space set 
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for serving cell is associated with control resource set 
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of the scheduling cell based on higher layer parameter controlResourceSetId of the search space set 
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for a UE-specific search space, 
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TP 2: Capture following description in section 10.1 of 38.213. 
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9 Appendix
Table 1. Alignment among different DCI formats
	DCI format
	Size

	
	1
	2
	3
	4 
(active BWP)
	5 
(active BWP)
	6 
(active BWP)

	0-0
	CSS
	
	
	CSS, USS
	
	

	0-1
	
	
	
	
	USS
	

	1-0
	CSS
	
	
	CSS, USS
	
	

	1-1
	
	
	
	
	
	USS

	2-0
	
	CSS
	
	
	
	

	2-1
	
	
	CSS
	
	
	

	2-2
	CSS
	
	
	
	
	

	2-3
	CSS
	
	
	
	
	


1

_1234567905.unknown

_1599652374.unknown

_1599656235.unknown

_1599656301.unknown

_1599656302.unknown

_1599656303.unknown

_1599656236.unknown

_1599656234.unknown

_1234567916.unknown

_1234567938.unknown

_1234567943.unknown

_1234567947.unknown

_1234567949.unknown

_1234567951.unknown

_1234567952.unknown

_1234567953.unknown

_1234567950.unknown

_1234567948.unknown

_1234567945.unknown

_1234567946.unknown

_1234567944.unknown

_1234567941.unknown

_1234567942.unknown

_1234567939.unknown

_1234567934.unknown

_1234567936.unknown

_1234567937.unknown

_1234567935.unknown

_1234567918.unknown

_1234567919.unknown

_1234567917.unknown

_1234567912.unknown

_1234567914.unknown

_1234567915.unknown

_1234567913.unknown

_1234567909.unknown

_1234567911.unknown

_1234567910.unknown

_1234567907.unknown

_1234567908.unknown

_1234567906.unknown

_1234567897.unknown

_1234567901.unknown

_1234567903.unknown

_1234567904.unknown

_1234567902.unknown

_1234567899.unknown

_1234567900.unknown

_1234567898.unknown

_1234567893.unknown

_1234567895.unknown

_1234567896.unknown

_1234567894.unknown

_1234567891.unknown

_1234567892.unknown

_1234567890.unknown

