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Introduction

For PDCCH enhancement, there are still some remaining issues to be further clarified and determined, such as: 

1) DCI size alignment
2) Remaining issues on scaling PDCCH monitoring capability for Rel-15 cells in CA case 3
3) High layer parameters alignment
4) Missing descriptions on PDCCH monitoring capability for Rel-16 cells in CA case 2 and case 3
In this contribution, we mainly focus on the above issues and give the corresponding text proposals. 

Remaining issues on DCI size alignment

Agreements on DCI size alignment in RAN1 #101 e-meeting was listed below [1].
	Agreement

A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  

A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1  and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  


But the corresponding TP is incomplete yet. The first bullet in above agreement had been captured in TS 38.212-g20[2] listed below.
	7.3.1.0
DCI size alignment

<---------------------------Other parts are omitted ------------------------------->
The UE is not expected to handle a configuration that, after applying the above steps, results in

-
the total number of different DCI sizes configured to monitor is more than 4 for the cell; or

-
the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or

-
the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or

-
the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or

-
the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or

-
the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space.


For the second bullet, the corresponding TP had been discussed and there are two options to reflect the agreement [3].
Option 1: The UE is not expected that the size of DCI format 0_1 in a UE-specific search space is equal to DCI format 0_2 in same or another UE-specific search space, or the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 1_2 in same or another UE-specific search space.

Option 2: The UE is not expected that the size of DCI format 0_1 in a UE-specific search space is equal to DCI format 0_2/1_2 in same or another UE-specific search space, or the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 0_2/1_2 in same or another UE-specific search space.
The only difference between the two options is whether the size of format 0_1 and format 1_2 (similar for format 1_1 and format 0_2) can be same or not. 

Our interpretation on the agreement is Option 1. In addition, there is one bit “Identifier for DCI formats” in both DCI format 0_1/1_1 and DCI format 0_2/1_2. With Option 1, DCI format 0_1 and DCI format 0_2 (similar for DCI format 1_1 and DCI format 1_2) have the different size, and a UE can further identify DCI format 0_1 and DCI format 1_2 (similar for DCI format 1_1 and DCI format 0_2) by “Identifier for DCI formats” in case of same size for the two DCI formats.  So option 1 is more reasonable. 

The argument of Option 2 is early knowledge of DCI formats, which makes UE know the DCI format before decoding so as to reduce latency. However, it should not an excuse since similar situation also exits in Rel-15.

Proposal 1: Adopt the following Text Proposal #1 for section 7.3.1.0 in TS 38.212.

--------------------------------------Text Proposal #1 for Section 7.3.1.0 in TS 38.212-----------------------------------
	7.3.1.0
DCI size alignment

<---------------------------Other parts are omitted ------------------------------->
The UE is not expected to handle a configuration that, after applying the above steps, results in

-
the total number of different DCI sizes configured to monitor is more than 4 for the cell; or

-
the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or

-
the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or

-
the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or

-
the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or

-
the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space.
-
the size of DCI format 0_1 in a UE-specific search space is equal to DCI format 0_2 in same or another UE-specific search space.

-
the size of DCI format 1_1 in a UE-specific search space is equal to DCI format 1_2 in same or another UE-specific search space.


Remaining issues on scaling PDCCH monitoring capability for Rel-15 cells in CA case 3
A common understanding in the RAN1 #101 email discussion is that there is no need to extend the M-TPR in Rel-16 MIMO with Rel-16 PDCCH monitoring capability [4] because all enhancements for reliability (URLLC) are through single-DCI based operations (assuming ideal backhaul) in M-TRP operation, which does not require any modification of Rel-15 spec on monitoring capability. However whether the M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3 (mixed Rel-15 and Rel-16 monitoring capabilities) is not clear.
There are two interpretation for this issue.
    Interpretation 1: M-TPR in Rel-16 MIMO can be extended to only the Rel-15 cells in CA case 3. This is similar as all the cells configured with Rel-15 PDCCH monitoring capability can be extended to M-TPR. And the cells extended to M-TPR are not configured with Rel-16 PDCCH monitoring capability. The corresponding TP is given in Text Proposal #2 below.
    Interpretation 2: M-TPR in Rel-16 MIMO can not be extended to only the Rel-15 cells in CA case 3. Because in CA case 3, the “Rel-15 cells” are determined by monitoringCapabilityConfig-r16 = r15monitoringcapability, wherein the monitoringCapabilityConfig-r16 is provided which is not considered/discussed in Rel-16 MIMO. The corresponding TP is given in Text Proposal #3 below.
For interpretation 1, at least the cells configured with Rel-15 PDCCH monitoring capability in CA case 3 can be configured with two values of CORESETPoolIndex to improve throughput for eMBB with Multi-DCI based M-TRP. Thus, Interpretation 1 is slightly preferred. 

Proposal 2: Adopt the following Text Proposal #2 for section 10.1 in TS38.213.
------------------------------------------Text Proposal #2 for Section 10.1 in TS38.213-----------------------------------
	10.1
UE procedure for determining physical downlink control channel assignment 

<---------------------------Other parts are omitted ------------------------------->
If a UE 

-
is configured with 
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with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration 
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 downlink cells.  If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability, 
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------------------------------------------Text Proposal #3 for Section 10.1 in TS38.213-----------------------------------
	10.1
UE procedure for determining physical downlink control channel assignment 
<---------------------------Other parts are omitted ------------------------------->
If a UE 

-
is configured with 
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 downlink cells for which the UE is not provided monitoringCapabilityConfig-r16, and 

-
with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration 
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 downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r15monitoringcapability, and 

-
with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration 
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High layer parameters alignment 
For Rel-16 PDCCH monitoring capability, there are still some incorrect high layer parameters and the corresponding Text Proposal #4 is given below.
Proposal 3: Adopt the following Text Proposal #4 for section 10.1 in TS38.213.

--------------------------------------------Text Proposal #4 for Section 10 in TS38.213---------------------------------------

	10.1
UE procedure for determining physical downlink control channel assignment 

<---------------------------Other parts are omitted ------------------------------->
For same cell scheduling or for cross-carrier scheduling, 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, respectively. If a UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span.

<---------------------------Other parts are omitted ------------------------------->
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration 
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 in a slot if the UE is not provided monitoringCapabilityConfig-r16 for the primary cell or if the UE is provided monitoringCapabilityConfig-r16 = r15monitoringcapability for the primary cell, or in the first span of each slot  if the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability 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 CORESETPoolIndex with value 0 for first CORESETs, and is provided CORESETPoolIndex with 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. In the following pseudocode, if the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the primary cell,
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<---------------------------Other parts are omitted ------------------------------->


Missing descriptions on PDCCH monitoring capability for Rel-16 cells in CA case 2 and case 3
In addition, there are some missing descriptions for 
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 in case the number of cells configured is not larger than the reported capability, and corresponding Text Proposal #5 is provided.
Proposal 4: Adopt the following Text Proposal #5 for section 10.1 in TS38.213.

--------------------------------------------Text Proposal #5 for Section 10 in TS38.213---------------------------------------

	10.1
UE procedure for determining physical downlink control channel assignment 

<---------------------------Other parts are omitted ------------------------------->
If a UE is configured with  
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 downlink cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration [image: image35.wmf]m
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  downlink cells for which the UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration 
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 downlink cells using combination (X,Y) for PDCCH monitoring, where 
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 downlink cells. If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability, 
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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: Adopt the following Text Proposal #1 for section 7.3.1.0 in TS38.212.

Proposal 2: Adopt the following Text Proposal #2 for section 10.1 in TS38.213.

Proposal 3: Adopt the following Text Proposal #4 for section 10.1 in TS38.213.
Proposal 4: Adopt the following Text Proposal #5 for section 10.1 in TS38.213.
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