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Introduction
This document discusses the remaining issues on physical downlink control channel. It contains following topics.
- The limit of BDs/CCEs for CA 
- Padding bits handling in DCI
- Inconsistent PDCCH detection

Discussion
The limit of BDs/CCEs for CA
Background
For cross-carrier scheduling with different numerologies, the following two cases were identified in RAN1#94 [1].
· Case 1: Different numerologies between scheduling cell and scheduled cell
· Case 2: Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells
In RAN#81, it was agreed that case 1 is postponed to Rel.16 [2]. However, case 2 is still supported in Rel.15. Therefore, the limit of PDCCH BDs/CCEs distribution needs to be concluded. Table 1 shows the summary of the limit of BDs/CCEs. Red parts are update from R1-1809855 ([3], section 2.8) according to RAN1 and RAN plenary agreements.
Table 1 Summary of the limit of PDCCH BDs/CCEs
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
(for all DL serving cells)
	Mixed numerologies

	
	
	
	
	Different numerologies between scheduling cell and scheduled cell
	Same numerology between scheduling cell and scheduled cell but different numerologies between scheduling cells

	T=<4 or 4<T=<y
	Case 1
The limit per CC per slot equal to the limit for non-CA case
	Case 4
The limit of the scheduling CC per slot is (number of scheduled CCs)*limit for non-CA case
	Case 6-1
(Postponed to Rel.16)

	Case 6-2
(Need to be concluded for Rel.15)

	T>4 and T>y
	Case 2
The total limit across CCs is based on BD capability and can be split across CCs
	Case 3
The total limit across CCs per μ is based on BD capability.
The limit per μ is y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
	Case 5
The total limit across CCs is based on BD capability and can be split across CCs
(same as case 2)
	Case 7-1
(Postponed to Rel.16)

	Case 7-2
(Need to be concluded for Rel.15)



In the following, we discuss Case 6-2 and Case 7-2 in Table 1.
The limit of BDs/CCEs for Case 6-2
In this case, the same definition as Case 4 can be applied. The limit of the scheduling CC per slot is (number of scheduled CCs)*(limit for non-CA case).
· Example:
· Conditions
· CC#0: 15 kHz SCS, scheduling CC
· CC#1: 15 kHz SCS, scheduled CC scheduling from CC#0
· CC#2: 30 kHz SCS, scheduling CC
· CC#3: 30 kHz SCS, scheduled CC scheduling from CC#2
· BD limit of scheduling CC
· CC#0: 2 CCs * 44 BDs/1ms = 88 BDs/1ms
· CC#2: 2 CCs * 36 BDs/0.5ms = 72 BDs/0.5ms

The limit of BDs/CCEs for Case 7-2
In this case, the following alternatives can be considered.
· Alt.1: The limit is defined per numerology
· The limit per μ is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
· Where, M(μ) is the limit of BDs for non-CA case and C(μ) is the limit of CCEs for non-CA case.
· BD/CCE distribution among scheduling CCs is up to NW
· Alt.2: The limit is defined per scheduling CC
· The limit per scheduling CC is y*{M(μ) or C(μ)} and proportion of the number of scheduled CCs schedulable from the scheduling CC to the total number of CCs.
Alt.1 is the similar approach as Case 5. NW can split the number of BD/CCE to scheduling CCs per numerology. It can contribute flexible allocation of PDCCH candidates among CCs.
Alt.2 is less flexible than Alt.1 because the number of BD/CCE is limited per scheduling CC. On the other hand, for Case 7-1, per scheduling CC approach can be beneficial because the limit of BDs/CCEs should be considered based on the relationship among scheduling CC SCS and scheduled CC SCS as we proposed in the RAN1#94 [4]. Considering unified design between Case 7-1 and Case 7-2, it can be said Alt.2 has a merit. However, Case 7-1 is the special case and separate discussion is useful.
Therefore, we think Alt.1 is better for flexibility of scheduling and commonality of case 5.
· Example:
· Conditions
· y = 4
· CC#0			: 15 kHz SCS, scheduling CC
· CC#1			: 15 kHz SCS, scheduled CC scheduling from CC#0
· CC#2			: 15 kHz SCS, scheduling CC
· CC#3, CC#4	: 15 kHz SCS, scheduled CC scheduling from CC#2
· CC#5			: 30 kHz SCS, scheduling CC
· CC#6			: 30 kHz SCS, scheduled CC scheduling from CC#5
· BD limit per numerology (Alt.1)
· 15 kHz: Floor{4 * 44 BDs/1ms * (5 CCs / 7 CCs)} = 125 BDs/1ms
· 30 kHz: Floor{4 * 36 BDs/0.5ms * (2 CCs / 7 CCs)} = 41 BDs/0.5ms
· BD limit per scheduling CC (Alt.2)
· CC#0: Floor{4 * 44 BDs/1ms * (2 CCs / 7 CCs)} = 50 BDs/1ms
· CC#2: Floor{4 * 44 BDs/1ms * (3 CCs / 7 CCs)} = 75 BDs/1ms
· CC#5: Floor{4 * 36 BDs/0.5ms * (2 CCs / 7 CCs)} = 41 BDs/0.5ms

Consequently, we propose the following.
Proposal 1: For cross-carrier scheduling with different numerologies, and same numerology between scheduling CC and scheduled CC but different numerologies between scheduling CCs, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If 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 per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.


Padding bits handling in DCI
In the current spec, the size alignment description is based on the following. 
Table 2. Size alignment related description in TS38.212.
	DCI format
	The description for the size alignments

	0_0 by C-RNTI, CS-RNTI or MCS-C-RNTI
	Padding bit. Zeros are appended is described as the size alignment with format 1_0 but padding and zero fill are same meaning are not so explicit.

	0_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append

	1_0 by C-RNTI, CS-RNTI or MCS-RNTI
	Reserved bit for PDCCH order of C-RNTI. Size alignment is zero appended.

	1_0 by P-RNTI, SI-RNTI or RA-RNTI
	Reserved bit until minimum size. Size alignment is zero appended. 

	1_0 by TC-RNTI
	Size alignment to 0_0 is zero appended. 

	1_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append

	2_0 by SFI-RNTI, 2_1 by INT-RNTI
	How DCI size alignment not described

	2_2 by TPC-PUCCH-RNTI or TPC-PUCCH-RNTI,
2_3 by TPC-SRS-RNTI
	Zero appended



Then we see following points are unclear and our view is described.
- Does "Padding" mean filled by zero or reserved?
We propose not to use the term padding. Only to described by "0", "1" or "reserved".
- We assume reserved means "UE shall not care the bit contents". Is this same understanding?
Reserved may not be interpreted as "UE shall not care what is the bit contents". Therefore, we propose to clarify the meaning of reserved.
- It is necessary to define how format 2_0 and 2_1 are filled.
We propose the remaining bits are reserved except virtual CRC aspect discussed below. By reserving bits, this PDCCH can be jointly carry with other group based RNTI like TPC-PUCCH/PUSCH-RNTI and TPC-SRS-RNTI. If virtual CRC is agreeable for forward compatibility of URLLC of 1E-6 operation, to reserve a few bits as fixed value of 0 is proposed.
- We need to modify the description to allow multiplexing different UE's TPCs in DCI format 2_2 and 2_3.
Instead of zero appended, the remaining bits are reserved except virtual CRC aspect. If virtual CRC is agreeable, to reserve a few bits as fixed value of 0 is proposed.
- For PDCCH format of C-RNTI, CS-RNTI, MCS-C-RNTI, SP-CSI-RNTI, reserved bits do not have useful at all as it is received by this specific UE.
Instead of reserved bits, we propose filled by 0.
- In Rel.16, target BLER includes the case of 1E-6. Common channels (SI/Paging/RA) would be same between Rel.15 and Rel.16 (i.e. no Rel.16 dedicated SI/Paging/RA) and also future. Then we think to take into account them for now would be necessary.
In order to allow virtual CRC, instead of all reserved bits, we propose the last 2 or 3 bits are filled by 0 and the remaining are reserved.
Based on above discussion, our proposal is summarized as following table.
Proposal 2: Following padding bits handling should be used.

Table 3. proposed size alignment related description
	DCI format
	The description for the size alignments

	0_0 by C-RNTI, CS-RNTI or MCS-C-RNTI
	Relation between padding bit and filled by zero is  more clarified

	0_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append (No change)

	1_0 by C-RNTI , CS-RNTI or MCS-C-RNTI
	Zero append. No reserved bits including PDCCH order .

	1_0 by P-RNTI, SI-RNTI or RA-RNTI
	Reserved bit except the last 2 or 3 bits of zero

	1_0 by TC-RNTI
	Zero append (No change)

	1_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append (No change)

	2_0 by SFI-RNTI, 2_1 by INT-RNTI
	Reserved bits except the last 2 or 3 bits of zero

	2_2 by TPC-PUCCH-RNTI or TPC-PUCCH-RNTI,
2_3 by TPC-SRS-RNTI
	Reserved bits except the last 2 or 3 bits of zero



Inconsistent PDCCH detection 
In the current spec, following was agreed in the last RAN1.
If consistent control information is not detected in a PDCCH, the PDCCH is discarded.
At email discussion to capture above, different understandings were recognized. As the judgement is based on DCI contents, the editor of TS38.213 said "DCI format" should be used in spite of the agreement of "PDCCH". Although we agree the content check is DCI level, to modify it as "DCI format" mandate specific implementation. In our view, the mandated implementation is not reasonable. 
Related to CRC check and consistency check, we see following options of the implementation is possibility. 
Option 1: If DCI contents with certain RNTI is inconsistent, this DCI with certain RNTI only is discarded. If the other RNTIs in the PDCCH passes CRC check, further inconsistent check is carried out. This means consistency check can be required for all DCI formats of all RNTIs.
Option 2: If DCI contents with certain RNTI is inconsistent, the same DCI format of the other RNTIs are discarded. If the other DCI formats in the PDCCH passes CRC check, further inconsistent check is carried out. This means consistency check can be required for all DCI format. The modification by "DCI format" can imply this.
Option 3: If DCI contents with certain RNTI is inconsistent, the same PDCCH are discarded. No further consistency check is carried out on this PDCCH (of BD trial). This means consistency check can be required at most the number of BD trials.
Note that the number of consistency check above is the extreme case but the actual numbers are limited by the probability of false CRC pass rate.
In our view, consistency check is just something unreasonable operation is precluded and not mandating specific implementation. Among three options, option 3 is the simplest. Although option 1 can be ideal from air interface design perspective, it should not mandate such design. The merit of option 2 is not identified. Therefore, we think the spec should cover only option 3 case and it is up to UE implementation for further advanced scheme. As the consistent information is DCI level, we propose following.  
Proposal 3: To capture following in TS38.213
	 If consistent control information of DCI format is not detected in a PDCCH, the PDCCH is discarded.

Related to consistent information, the last RAN1 meeting agreed following.
Agreements:
· Capture the following conclusion in 38.213 (with the clarification that “DCI” refers to “consistent DCI”)
7) Processing no more than one DCI with each RNTI in each of Type 0 CSS, Type 0A CSS, Type 1 CSS, Type 2 CSS, Type 3 CSS excluding unicast DCI per slot
It is not clear what is the meaning of "processing". The consistent check is one of parsing DCI contents and it is also a kind of PDCCH processing. The actual action indicated by PDCCH like to receive PDSCH and so on is "processing", the actual action itself should be limited instead of just generic "processing". 
Proposal 4: To clarify the meaning of "processing" in the following agreement. If actual action is the meaning, it should be specified as the action itself.
Agreements:
· Capture the following conclusion in 38.213 (with the clarification that “DCI” refers to “consistent DCI”)
7) Processing no more than one DCI with each RNTI in each of Type 0 CSS, Type 0A CSS, Type 1 CSS, Type 2 CSS, Type 3 CSS excluding unicast DCI per slot

Conclusion
We discussed the remaining issues on physical downlink control channel. We propose following.
Proposal 1: For cross-carrier scheduling with different numerologies, and same numerology between scheduling CC and scheduled CC but different numerologies between scheduling CCs, 
· If the number of DL-CCs is <= 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of the scheduling CC per slot is (number of scheduled CCs)*{M(μ) or C(μ)}.
· If 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 per numerology is y*{M(μ) or C(μ)} and proportion of the number of CCs with μ to the total number of CCs.
 
Proposal 2: Following padding bits handling should be used.
	DCI format
	The description for the size alignments

	0_0 by C-RNTI, CS-RNTI or MCS-C-RNTI
	Relation between padding bit and filled by zero is  more clarified

	0_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append (No change)

	1_0 by C-RNTI, CS-RNTI or MCS-C-RNTI
	Zero append. No reserved bits including PDCCH order.

	1_0 by P-RNTI, SI-RNTI or RA-RNTI
	Reserved bit except the last 2 or 3 bits of zero

	1_0 by TC-RNTI
	Zero append (No change)

	1_1 by C-RNTI, CS-RNTI, MCS-C-RNTI or SP-CSI-RNTI
	Zero append (No change)

	2_0 by SFI-RNTI, 2_1 by INT-RNTI
	Reserved bits except the last 2 or 3 bits of zero

	2_2 by TPC-PUCCH-RNTI or TPC-PUCCH-RNTI,
2_3 by TPC-SRS-RNTI
	Reserved bits except the last 2 or 3 bits of zero



Proposal 3: To capture following in TS38.213
	 If consistent control information of DCI format is not detected in a PDCCH, the PDCCH is discarded.

Proposal 4: To clarify the meaning of "processing" in the following agreement. If actual action is the meaning, it should be specified as the action itself.
Agreements:
· Capture the following conclusion in 38.213 (with the clarification that “DCI” refers to “consistent DCI”)
7) Processing no more than one DCI with each RNTI in each of Type 0 CSS, Type 0A CSS, Type 1 CSS, Type 2 CSS, Type 3 CSS excluding unicast DCI per slot
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