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Introduction

For Rel-16 PDCCH monitoring capability, there are still some remain issues needed to be further clarified and determined, such as: 

1) The FFS points on PDCCH overbooking and PDCCH dropping

2) PDCCH monitoring capability in terms of non-overlapped CCEs for CA case

In this contribution, we mainly focus on the above issues and give the corresponding text proposals. 

FFS points on PDCCH overbooking and PDCCH dropping

Agreements on PDCCH overbooking and PDCCH dropping in RAN1 #99 [1] are listed below for reference.
	Agreement

PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 

gNB configures which capability is used
For Rel-16 PDCCH monitoring capability,
The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS
PDCCH dropping is performed in a span if needed   
PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
The maximum number of monitored PDCCH candidates per span is
M1 per span for (2, 2)
M2 per span for (4, 3)
M3 per span for (7, 3)
Note: 

The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15

The value of M1, M2 and M3 can be different and SCS dependent 

Note: PDCCH overbooking and PDCCH dropping are not performed per slot


If a UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, PDCCH dropping is performed in a span if needed. The pseudo code for PDCCH dropping in a slot is reused for PDCCH dropping in a span. The FFS point is whether PDCCH overbooking and PDCCH dropping are performed in all spans in a slot. 

In Rel-15, PDCCH overbooking and PDCCH dropping are performed per slot for the primary cell due to CSS configuration. But, there is no description in the spec to restrict PDCCH dropping are only performed in the slot with CSS present. Similarly, if a UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, PDCCH dropping can be performed per span and no need to restrict only performed in the span with CSS present. 
In addition, new Rel-16 CSS, i.e. CSS for UL CI, are introduced and the monitoring occasions configured for UL CI can be {2, 4, 7} OS to guarantee the cancellation timely. It means CSS may be present in every span. In such typical cases, there is also no clear motivation to restrict PDCCH overbooking and PDCCH dropping in Rel-16 only performed in the span with CSS present. 
Above all, PDCCH overbooking and PDCCH dropping in Rel-16 performed per span on the primary cell is preferred and no need with restriction in the span with CSS present. 
Proposal 1: PDCCH overbooking and PDCCH dropping in Rel-16 are performed per span on the primary cell and no need with restriction in the span with CSS present.

In addition, there are some missing descriptions for per span dropping, and corresponding text proposal should be proposed.
Proposal 2: Some missing descriptions for per span dropping should be added in the spec.
Based on above analysis, there is no need of text proposal for performing PDCCH dropping in the span with CSS present. But there are some missing descriptions for per span dropping. We propose the following text proposal.

--------------------------------------------Text Proposal 1 for Section 10.1 in TS38.213 [2]------------------------------------

	10.1 UE procedure for determining physical downlink control channel assignment
<---------------------------Other parts are omitted ------------------------------->
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span.

For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration [image: image1.wmf]m

, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span. 

For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per slot or per span are separately counted for each scheduled cell.

For all search space sets within a slot or a span [image: image2.wmf]n
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For the CSS sets, a UE monitors [image: image16.wmf]å
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 non-overlapping CCEs in a slot or in a span. 

The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration [image: image18.wmf]m

 in a slot if the UE is not provided PDCCHMonitoringCapabilityConfig for the primary cell or if the UE is provided PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability for all serving cells, or in a span if the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided CORESETPoolIndex for first CORESETs, or is provided value 0 for first CORESETs, and is provided value 1 for second CORESETs, and if 
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, the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring.
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<---------------------------Other parts are omitted ------------------------------->


PDCCH monitoring capability in terms of non-overlapped CCEs for CA case

Agreements on UE reports its PDCCH monitoring capability in RAN1 #99 [1] are listed below for reference. 
	Agreement

UE reports its PDCCH monitoring capability for the following cases:

Case 1: Capability on the number of CCs with Rel-15 monitoring capability only

This capability already exists in Rel-15

Case 2: Capability on the number of CCs with Rel-16 monitoring capability only

pdcch-BlindDetectionCA-R16 can be smaller than 4
Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells

pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4
(The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  
pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 for the above three cases can be reported separately 



In Rel-15, if a UE is configured with 
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, a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than 
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 PDCCH candidates or more than 
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 non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the 
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In Rel-16, only the minimum of CCs with capability of pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 are suggested in the agreements listed above, while the maximum number of supported CCs are not defined yet. In the following, we will discuss how to apply Rel-16 PDCCH capability per span in case
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Case 1: In case Rel-16 PDCCH span monitoring capability are supported for all scheduling CC, then the maximum number of non-overlapped CCEs per span with SCS configuration 
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 can be obtained by similar rules in Rel-15 with corresponding revision like 
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 is defined in Rel-16 URLLC and the related spec are listed below.

	If a UE indicates in UE-NR-Capability-r16 a carrier aggregation capability larger than X downlink cells, the UE includes in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per span when the UE is configured for carrier aggregation operation over more than X downlink cells. When a UE is not configured for NR-DC operation and the UE is provided PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to 
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 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16
-
otherwise, 
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Proposal 3: The maximum number of non-overlapped CCEs per span with SCS configuration 
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 can be determined by 
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 in case Rel-16 PDCCH span monitoring capability are supported for all scheduling CC. 

Case 2: In case Rel-16 PDCCH span monitoring capability are supported for partial scheduling CC, e.g. scheduling CC with SCS = 60kHz or 120kHz don’t support Rel-16 PDCCH monitoring capability, how to calculate the maximum number of non-overlapped CCEs per span/slot with SCS configuration 
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 should be discussed. Even the SCS for all the scheduling CC are 15kHz or 30kHz, each CC can be also configured with Rel-15 PDCCH monitoring capability or Rel-16 PDCCH monitoring capability which leads to Rel-16 PDCCH span monitoring capability may only be supported for partial scheduling CCs. 
Note that, a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to 
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 downlink cells has been defined in the spec as listed below.

	If a UE indicates in UE-NR-Capability-r15 or in UE-NR-Capability-r16 a carrier aggregation capability larger than Y downlink cells or larger than Z downlink cells, respectively, the UE includes in UE-NR-Capability-r15 or in UE-NR-Capability-r16 an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs the UE can monitor for downlink cells with PDCCHMonitoringCapabilityConfig = R15 PDCCH monitoring capability or for downlink cells with PDCCHMonitoringCapabilityConfig = R16 PDCCH monitoring capability when the UE is configured for carrier aggregation operation over more than Y downlink cells or over more than Z downlink cells, respectively, and with at least one downlink cells from the Y downlink cells and at least one downlink cell from the Z downlink cells. When a UE is not configured for NR-DC operation, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per slot or per span that corresponds to 
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 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r15
-
otherwise, 
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 is the number of configured downlink cells if the UE does not provide pdcch-BlindDetectionCA-r16
-
otherwise, 
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Based on above, three alternatives are provided below for Case 2.
Alt.1. 
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 is the total number of cells including all SCS. For the configured DL-CCs whose scheduling cell not supporting Rel-16 span monitoring capability, they can be regard as a special span with slot length, i.e.,(14,14,u), and 
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 can be determined the same as Case 1. The maximum number of non-overlapped CCEs per span with SCS configuration 
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 can be determined by 
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Alt.2.  
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 is the total number of cells including all SCS. For the configured DL-CCs whose scheduling cell supporting Rel-16 span monitoring capability, per span capability can firstly be translated to per slot capability, and the translated maximum number of non-overlapped CCEs per slot per cell is used for the cell with SCS configuration
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. Then the maximum number of non-overlapped CCEs per slot with SCS configuration 
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 can be determined the same as Rel-15. However, this alternative may need more specification effort on how to translate per span capability to per slot capability. The maximum number of non-overlapped CCEs per slot with SCS configuration 
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 can be determined by 
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Alt.3. 
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 , representing the total number of cells whose scheduling cell is based on Rel-15 slot capability and is based on Rel-16 span capability respectively. Then, the maximum number of non-overlapped CCEs per slot with SCS configuration 
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 and the maximum number of non-overlapped CCEs per span with SCS configuration 
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 are calculated separately. The maximum number of non-overlapped CCEs per slot and per span with SCS configuration 
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 can be determined by 
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Because both UE-NR-Capability-r15 and UE-NR-Capability-r16 have been defined, and 
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 can be reported for Rel-15 slot capability and Rel-16 span capability respectively. Alt.3 is slightly preferred for simplicity. This is also beneficial in terms of per slot and per span scheduling flexibility. 
Proposal 4: The maximum number of non-overlapped CCEs per span with SCS configuration 
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 can be determined by 
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 respectively in case Rel-16 PDCCH span monitoring capability are supported for partial scheduling CC.

In addition, there are some missing descriptions for 
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In the latest version of TS 38.213-g00, we also found some updates on PDCCH monitoring part that are made in Rel-16 MIMO enhancement. In brief, if a UE is not provided CORESETPoolIndex there is only one set of 
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 respectively. In our views, there is no contradiction between the enhancements for Rel-16 URLLC and Rel-16 MIMO, and the text proposal below is proposed based on latest version TS 38.213-g00.

Based on the above analysis, we propose the following text proposal.
--------------------------------------------Text Proposal 2 for Section 10.1 in TS38.213 [2]-----------------------------------
	10.1 UE procedure for determining physical downlink control channel assignment
<---------------------------Other parts are omitted ------------------------------->
A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns (2, 2), (4, 3), and (7, 3) per SCS configuration of 
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell from the 
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image156.wmf]m
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image160.wmf]m
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For each scheduled cell, the UE is not required to monitor on the active DL BWP with SCS configuration [image: image166.wmf]m
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<---------------------------Other parts are omitted ------------------------------->


Conclusions

In this contribution, the remaining issues of Rel-16 URLLC PDCCH are discussed. The proposals are made as follows, and corresponding text proposals is provided in each section respectively. 

Proposal 1: PDCCH overbooking and PDCCH dropping in Rel-16 are performed per span on the primary cell is preferred and no need with restriction in the span with CSS present.

Proposal 2: Some missing descriptions for per span dropping should be added in the spec.
Proposal 3: The maximum number of non-overlapped CCEs per span with SCS configuration 
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 in case Rel-16 PDCCH span monitoring capability are supported for all scheduling CC. 

Proposal 4: The maximum number of non-overlapped CCEs per span with SCS configuration 
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 respectively in case Rel-16 PDCCH span monitoring capability are supported for partial scheduling CC.

Proposal 5: Some missing descriptions for 
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References

3GPP RAN1 #99, RAN1 Chairman’s Notes. 

3GPP TS 38.213-g00, Physical layer procedures for control, Release 16. 
10

_1234567953.unknown

_1234567985.unknown

_1234568001.unknown

_1234568009.unknown

_1234568013.unknown

_1234568017.unknown

_1234568019.unknown

_1234568020.unknown

_1234568021.unknown

_1234568018.unknown

_1234568015.unknown

_1234568016.unknown

_1234568014.unknown

_1234568011.unknown

_1234568012.unknown

_1234568010.unknown

_1234568005.unknown

_1234568007.unknown

_1234568008.unknown

_1234568006.unknown

_1234568003.unknown

_1234568004.unknown

_1234568002.unknown

_1234567993.unknown

_1234567997.unknown

_1234567999.unknown

_1234568000.unknown

_1234567998.unknown

_1234567995.unknown

_1234567996.unknown

_1234567994.unknown

_1234567989.unknown

_1234567991.unknown

_1234567992.unknown

_1234567990.unknown

_1234567987.unknown

_1234567988.unknown

_1234567986.unknown

_1234567969.unknown

_1234567977.unknown

_1234567981.unknown

_1234567983.unknown

_1234567984.unknown

_1234567982.unknown

_1234567979.unknown

_1234567980.unknown

_1234567978.unknown

_1234567973.unknown

_1234567975.unknown

_1234567976.unknown

_1234567974.unknown

_1234567971.unknown

_1234567972.unknown

_1234567970.unknown

_1234567961.unknown

_1234567965.unknown

_1234567967.unknown

_1234567968.unknown

_1234567966.unknown

_1234567963.unknown

_1234567964.unknown

_1234567962.unknown

_1234567957.unknown

_1234567959.unknown

_1234567960.unknown

_1234567958.unknown

_1234567955.unknown

_1234567956.unknown

_1234567954.unknown

_1234567921.unknown

_1234567937.unknown

_1234567945.unknown

_1234567949.unknown

_1234567951.unknown

_1234567952.unknown

_1234567950.unknown

_1234567947.unknown

_1234567948.unknown

_1234567946.unknown

_1234567941.unknown

_1234567943.unknown

_1234567944.unknown

_1234567942.unknown

_1234567939.unknown

_1234567940.unknown

_1234567938.unknown

_1234567929.unknown

_1234567933.unknown

_1234567935.unknown

_1234567936.unknown

_1234567934.unknown

_1234567931.unknown

_1234567932.unknown

_1234567930.unknown

_1234567925.unknown

_1234567927.unknown

_1234567928.unknown

_1234567926.unknown

_1234567923.unknown

_1234567924.unknown

_1234567922.unknown

_1234567905.unknown

_1234567913.unknown

_1234567917.unknown

_1234567919.unknown

_1234567920.unknown

_1234567918.unknown

_1234567915.unknown

_1234567916.unknown

_1234567914.unknown

_1234567909.unknown

_1234567911.unknown

_1234567912.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

