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1	Introduction
In this contribution, we discuss the maintenance issues of physical downlink control channel for Rel-15.
[bookmark: _Ref178064866]2	Discussion: PDCCH structure and search space
2.1	CORESET#0 and initial DL BWP for DCI size
The RAN1 agreements cited in the Appendix A assume that the UE determines the DCI size based on the size of CORESET#0. During the spec review, we raised the comment that the RAN1#94 agreements related to initial DL BWP and CORESET#0 are not clear enough. It was acknowledged by the RAN1 chair and the editor of 38.212 in RAN1 email reflector that this issue should be further discussed at RAN1#94bis.
[bookmark: _Toc525890222]It was acknowledged by the RAN1 chair and the editor of 38.212 in RAN1 email reflector that the issue on CORESET#0 and initial DL BWP for DCI size determination should be further discussed at RAN1#94bis.
It should be noted that there are cases in which MIB of a serving cell does not advertise a CORESET#0 in the pdcch-ConfigSIB1 field. As discussed earlier between RAN1 and RAN2, this is the case when a cell is only used for EN-DC (no NR SA UE’s supposed to camp on the cell) and if it does not intend to use ANR. In such cases the field MIB->ssb-SubcarrierOffset indicates that this cell has no CORESET#0, no SearchSpace#0 and that it does not broadcast SIB1. The field MIB->pdcch-ConfigSIB1 gets another meaning and may inform the UE where in frequency domain it may or may not find an SSB with CORESET and SIB1, or is reserved. But in short, MIB indicates that “there is no CORESET#0”.
The RRCReconfiguration adding the SCG contains the ServingCellConfigCommon for the PSCell (and for other SCells of the SCG). The field ServingCellConfigCommon->...-> PDCCH-ConfigCommon->controlResourceSetZero seems to allow configuring a CORESET#0 anyway. However, like all parameters in the common branch also the controlResourceSetZero is supposed to be updated based on system information and hence, the UE would quickly deduce that this cell has no CORESET#0 anyway and the original problem would reappear. In [1], we provide more details on the consistency aspects of higher layer configuration for search space monitoring.
Further, an SCell may not have SSB. For an SCell without SSB, it is not possible to configure CORESET#0 since the configuration of CORESET#0 is tied to SSB, according to clause 13 of TS 38.213. If an SCell does not have SSB, it is unclear how CORESET#0 can be configured.
The problems identified are at the core of NR specs. The issues should be promptly resolved so that 5G NR timeline is not negatively impacted. Further, the issue should be fixed before it’s too late (If we don’t fix it, we will have to live with all the subsequent consequences for as long as NR is deployed).
[bookmark: _Toc525890223]The problems identified are at the core of NR specs. The issues should be promptly resolved so that 5G NR timeline is not negatively impacted.

From an offline email discussion, we see several alternatives to resolve the issue so that the UE can determine the size of the DCI:
Option 1: Omit the CORESET#0 both in MIB as well as in RRCReconfiguration. Reword the L1 text so that the UE determines DCI 1-0 size by CORESET#0 if configured and by the width of the initial DL BWP otherwise.
Option 2: Omit the CORESET#0 in MIB and in controlResourceSetZero. But configure a commonControlResourceSet with ID#0. Update RRC field descriptions so that special functionality currently associated with controlResourceSetZero is also applicable if CORESET#0 is configured in commonControlResourceSet. 
Option 3: Omit the CORESET#0 in MIB but indicate controlResourceSetZero in ServingCellConfigCommon and clarify in the field description that the UE shall maintain the value even though MIB broadcast by the serving cell indicates that there is no CORESET#0.
We are hesitant to go for option 3 since it deviates from the general RAN2 principle that parameters in ServingCellConfigCommon shall match the corresponding parameters broadcast in system information. Further, it was also pointed out in the offline email discussion that Option 3 may have further RAN1 impact. Option 2 seems to break that principle as well since the commonControlResourceSet is also configurable in SIB1. But since the entire case is only about serving cells not broadcasting SIB1, there is no risk that the UE ever acquires SIB1 and overrides the commonControlResourceSet obtained in the RRCReconfiguration. Nevertheless, also Option 2 requires further changes in RRC. 
Anyway, Options 2 and 3 are being discussed in RAN2. It is not clear whether RAN2 can anchor on a solution. And even if RAN2 anchors on a solution, it is not clear if the solution can be accepted by RAN1.
[bookmark: _Toc525890224]Assuming CORESET#0 is always configured is causing difficulties in RRC signalling. Options 2 and 3 are being discussed in RAN2. It is not clear whether RAN2 can anchor on a solution. And even if RAN2 anchors on a solution, it is not clear if the solution can be accepted by RAN1.
[bookmark: _Toc525890225]Ping-pong communication between RAN1 and RAN2 may lead to long time to fix the issue and may in turn negatively affect the 5G timeline. 
Option 1 is a pure RAN1 solution. It is a natural clarification that if CORESET#0 is not configured, the original agreements without modification (i.e., initial DL BWP is used to determine DCI size) should still apply. This “recovers” the old June spec behaviour (that we know it works), while the required change is retained if CORESET#0 is configured. Further, it does not force CORESET#0 to be configured in scenarios where CORESET#0 is not configured (e.g., EN-DC only cell) or cannot be configured (e.g., SSB-less SCell). 
[bookmark: _Toc525890226]Option 1 is a pure RAN1 solution. It “recovers” the old June spec behaviour, while the required change in RAN1 August meeting is retained if CORESET#0 is configured. Further, it does not force CORESET#0 to be configured in scenarios where CORESET#0 is not configured (e.g., EN-DC only cell) or cannot be configured (e.g., SSB-less SCell). 
Based on the above analysis, we make the following proposal.
[bookmark: _Toc525890228]If CORESET#0 is not configured, clarify that the following agreements in RAN1#92bis apply.
RAN2#92bis agreements:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by 
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP 
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP 
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI: 
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in 
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP  
· Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP


2.2	BD/CCE limits
The following two agreements are not consistent when it comes to cross-carrier scheduling BDs/CCEs - same numerology.
· The first agreements state that for up  to 4 and y>=T, the BD/CCE at the scheduling cell can be linearly scaled up with the number of scheduled CCs.
· The second agreements state that for y<T for each CC is restricted by the non-CA limit, i.e., BD/CCE cannot be scaled up with the number of scheduled CCs.

The yellow highlighted part of the second agreements should be only applicable for self-scheduling.
RAN1#93
Agreements:
· For cross-carrier scheduling where the scheduling CC and all the CCs schedulable by the scheduling CC have the same numerology and the number of DL-CCs is up to 4 or with up to T DL-CCs where the UE reports BD capability of y >= T, the limit of BDs/CCEs of the scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· Note: this is inline with the previous agreements at RAN1#92bis meeting
RAN1#94
Agreements:
RAN1#93 agreements are updated as follows (to cover Case 5):
· For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and 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 of BDs/CCEs per CC per slot is
· The total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC.
· For SCell, NW ensures no overbooking based on non-CA case occurs. For cross-carrier scheduling, BDs/CCEs overlapped across DL serving cells are independently counted (i.e., counted per serving cell).


[bookmark: _Toc525890229]For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and 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 of BDs/CCEs per CC per slot is: the total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC for self-scheduling with same numerology.
2.3	Partitioning of BD/CCE budgets
We introduce the following notation to facilitate discussion and use Figure 1 to illustrate the meaning of the notation.
· Numerology: 
· In Figure 1,  is not present, i.e., no self-scheduling and cross-carrier scheduling cells with numerology 
· Denote by  the number of self-scheduling cells with numerology 
· In Figure 1
· : 
· : 
· : 
· Denote by  the number of cross-carrier scheduling groups with numerology 
· In Figure 1
· : 
· : 
· : 
· Denote by  the number of scheduled cells by the scheduling cell in cross-carrier scheduling group  with numerology 
·  
· In Figure 1
· :  is NULL
· : 
· : 
· : 
· : 
· : 

[image: ]
Figure 1: An illustration of mixed scheduling (self-scheduling plus cross-carrier scheduling) with mixed numerologies.
For T=<4 or 4<T=<y, existing agreements are sufficient. Below we focus on the case where T>4 and T>y.
We first focus on BD, while the same principle applies to CCE later.
The first issue is how to divide BD across different numerology group. Recall  is the total number of cells, and  is the capability. 

Denote by  the total number of cells configured with numerology . We have


In Figure 1, 
· : 
· : 
· : 
· : 

Denote by  the non-CA BD limit of a carrier. The total number of BD allocated to numerology  is given by 

 The total limit  can be split across CCs with numerology 
· For a self-scheduling cell with numerology , its BD number is subject to the non-CA limit 
· For the cross-carrier scheduling cell in the cross-carrier scheduling group , its BD number is given by 

Similarly, denote by  the non-CA CCE limit of a carrier. The total number of CCE allocated to numerology  is given by 

 The total limit  can be split across CCs with numerology 
· For a self-scheduling cell with numerology , its CCE number is subject to the non-CA limit 
· For the cross-carrier scheduling cell in the cross-carrier scheduling group , its CCE number is given by 


[bookmark: _Toc525736400][bookmark: _Toc525890230]For the case where T>4 and T>y: (1) the total number of BD allocated to numerology  is given by ; (2) the total limit  can be split across CCs with numerology ; (3) for a self-scheduling cell with numerology , its BD number is subject to the non-CA limit ; (4) for the cross-carrier scheduling cell in the cross-carrier scheduling group , its BD number is given by .
[bookmark: _Toc525736401][bookmark: _Toc525890231]For the case where T>4 and T>y: (1) the total number of CCE allocated to numerology  is given by ; (2) the total limit  can be split across CCs with numerology ; (3) for a self-scheduling cell with numerology , its CCE number is subject to the non-CA limit ; (4) for the cross-carrier scheduling cell in the cross-carrier scheduling group , its BD number is given by .
2.4	CORESET and search space association
According to the agreements made in RAN1 ad hoc in Vancouver, there are no restrictions on how a search space is associated with a CORESET. In particular, in the basic UE feature group 3-1, UE only supports one UE-specific configured CORESET per BWP per cell in addition to CORESET0.
· For CORESET#0, we agreed in Busan that unicast can be scheduled using CORESET#0
· For commonControlResourceSet, it should also be allowed to schedule unicast using commonControlResourceSet. since based on RAN1 agreements, there should not be any restriction on how search spaces are associated with CORESET. The current restriction to “RAR/paging/system information” should be deleted 
· For NSA,  though it is part of PDCCH-ConfigCommon, this CORESET can be considered UE specifically configured. 
· For SA, it is configured in SIB1. To make it useful, we shall update UE feature 3-1 as “One UE-specific configured CORESET per BWP per cell in addition to CORESET0…” Otherwise, it seems useless since the basic UE feature group does not support it.
RAN1 agreements in Vancouver Jan 2018:
Agreements:
· A UE can be configured with a search space configuration by UE-specific RRC signaling which includes following:
· CORESET ID (range: 0-11, to indicate which CORESET the search space is mapped to)
· The search space can be associated with any CORESET configuration
· When the CORSET ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
· Search space ID (range: 0-39)
· When the search space ID is UE-specifically configured to be 0, it is mapped to the one configured by PBCH
RAN1 agreements in Busan May 2018:
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

[bookmark: _Toc525890227]According to the existing RAN1 agreements, search spaces configured in PDCCH-Config should be made possible to be associated with commonControlResourceSet.
[bookmark: _Toc525890232]Update UE feature group 3-1 as “One UE-specific configured CORESET per BWP per cell in addition to CORESET0 … [UNCHANGED PARTS OMITTED]”.
[bookmark: _Hlk513719760]3	Discussion: GC-PDCCH
3.1	Alignment of TS 38.213 with TS 38.331
The use of “tdd-UL-DL-ConfigDedicated” in 38.213 is not consistent with 38.331. It shall be replaced with “tdd-UL-DL-ConfigurationDedicated”. This also makes it consistent with the use of “tdd-UL-DL-ConfigurationCommon” in 38.213. This replacement should be done in sections 9.1.2.1, 9.2.6, 11.1, 11.1.1 in 38.213.

Therefore, we propose that  

[bookmark: _Toc525890233]Replace “tdd-UL-DL-ConfigDedicated” by “tdd-UL-DL-ConfigurationDedicated” in TS 38.213 to be consistent with TS 38.331. 

4	Discussion: DCI contents and formats
Downlink control information (DCI) is used in NR to, among other things, transmit scheduling decisions from the gNB to the UE. Different DCI formats are defined for different purposes, differing in e.g. the information carried in the DCI. According to the NR specifications, a UE blindly detects the DCI format based on (among other things) payload size and the RNTI used. 
The set of DCI formats to monitor depends on the configuration, but a typical scenario is that a UE monitors three different DCI sizes with C-RNTI (or CS-RNTI or MCS-C-RNTI):
· DCI format 0-0/1-0
· DCI format 0-1
· DCI format 1-1
4.1	On DCI size inconsistency
To be able to differentiate between 0-0 and 1-0, there is a UL/DL bit in the DCI. The same approach is used for formats 0-1 and 1-1 which may be configured such that the DCI size is the same. 
However, DCI formats 0-1 or 1-1 can configured such that the resulting payload size is identical to 0-0/1-0 in which case the UE cannot differentiate between 0-0/1-0 and 0-1 (or 0-0/1-0 and 1-1). An example of such a configuration is shown in the appendix. To handle this scenario, it is proposed to add padding to DCI formats 0-1 and 1-1 in case the size otherwise happens to equal that of DCI formats 0-0/1-0. A TP is found in Section 5 below.
4.2    DCI size of 0_1/1_1
The number of DCI sizes that UE is capable to monitor has following limitations. 
· the number of different DCI sizes configured to monitor is not 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
The DCI size is a sum of all the numbers of bits for each DCI field (including padding bits if exists) and the CRC bits. The number of bits for each DCI bit depends on the RRC configurations from higher layer.
A UE that is configured with both C-RNTI and CS-RNTI can have different sizes in DCI 0_1. The DCI 0_1 for C-RNTI follows Information Element PUSCH-Config configuration, while the DCI 0_1 for CS-RNTI follows IE ConfiguredGrantConfig configuration. As a result, the sizes of DCI 0_1 can be different for the same UE, e.g., one configuration with frequency hopping enabled, the other disabled.
The DCI 0_1 sizes for a UE should be aligned to the largest size with received RRC configurations. And the DCI size can be adjusted after each RRC reconfiguration signalling. 
The padding bits in DCI shall be added to align the DCI 0_1 sizes for different RNTIs with the largest size.
Same procedure can apply for downlink in DCI 1_1.

[bookmark: _Toc525890234][bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc509923397]DCI bit field of 0_1 should be padded with 0 to get aligned with the largest DCI 0_1 size UE gets configured with. 
[bookmark: _Toc525890235]DCI bit field of 1_1 should be padded with 0 to get aligned with the largest DCI 1_1 size UE gets configured with. 
5	Text Proposals: DCI contents and formats
[bookmark: _Toc525890236]Adopt the text proposals provided in Section 5.
>>> Text Proposal for 38.212 Section 7.3.1.2.1 >>>
7.3.1.1.2	Format 0_1
[…text omitted…]
For a UE configured with SUL in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
If the payload size of DCI format 0_1 equals that of DCI formats 0_0/1_0 in a UE-specific search space, a zero shall be appended to DCI format 0_1. 
[…text omitted…]
7.3.1.2.2	Format 1_1
[…text omitted…]
If DCI formats 1_1 are monitored in multiple search spaces associated with multiple CORESETs in a BWP, zeros shall be appended until the payload size of the DCI formats 1_1 monitored in the multiple search spaces equal to the maximum payload size of the DCI format 1_1 monitored in the multiple search spaces.
If the payload size of DCI format 1_1 equals that of DCI formats 0_0/1_0 in a UE-specific search space, a zero shall be appended to DCI format 1_1.
>>> End Text Proposal >>>
Conclusion
In the previous sections we made the following observations: 
Observation 1	It was acknowledged by the RAN1 chair and the editor of 38.212 in RAN1 email reflector that the issue on CORESET#0 and initial DL BWP for DCI size determination should be further discussed at RAN1#94bis.
Observation 2	The problems identified are at the core of NR specs. The issues should be promptly resolved so that 5G NR timeline is not negatively impacted.
Observation 3	Assuming CORESET#0 is always configured is causing difficulties in RRC signalling. Options 2 and 3 are being discussed in RAN2. It is not clear whether RAN2 can anchor on a solution. And even if RAN2 anchors on a solution, it is not clear if the solution can be accepted by RAN1.
Observation 4	Ping-pong communication between RAN1 and RAN2 may lead to long time to fix the issue and may in turn negatively affect the 5G timeline.
Observation 5	Option 1 is a pure RAN1 solution. It “recovers” the old June spec behaviour, while the required change in RAN1 August meeting is retained if CORESET#0 is configured. Further, it does not force CORESET#0 to be configured in scenarios where CORESET#0 is not configured (e.g., EN-DC only cell) or cannot be configured (e.g., SSB-less SCell).
Observation 6	According to the existing RAN1 agreements, search spaces configured in PDCCH-Config should be made possible to be associated with commonControlResourceSet.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	If CORESET#0 is not configured, clarify that the following agreements in RAN1#92bis apply.
RAN2#92bis agreements:
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by 
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWP 
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled 
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWP 
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI: 
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in 
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWP  
· Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP


Proposal 2	For self-scheduling with same numerology or for cross-carrier scheduling with the same numerology for all the DL serving cells, and 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 of BDs/CCEs per CC per slot is: the total number of BDs/CCEs across CCs is based on UE BD capability. It can be split across CCs, subject to the non-CA limit on each CC for self-scheduling with same numerology.
Proposal 3	For the case where T>4 and T>y: (1) the total number of BD allocated to numerology  is given by ; (2) the total limit  can be split across CCs with numerology ; (3) for a self-scheduling cell with numerology , its BD number is subject to the non-CA limit ; (4) for the cross-carrier scheduling cell in the cross-carrier scheduling group , its BD number is given by .
Proposal 4	For the case where T>4 and T>y: (1) the total number of CCE allocated to numerology  is given by ; (2) the total limit  can be split across CCs with numerology ; (3) for a self-scheduling cell with numerology , its CCE number is subject to the non-CA limit ; (4) for the cross-carrier scheduling cell in the cross-carrier scheduling group , its BD number is given by .
Proposal 5	Update UE feature group 3-1 as “One UE-specific configured CORESET per BWP per cell in addition to CORESET0 … [UNCHANGED PARTS OMITTED]”.
Proposal 6	Replace “tdd-UL-DL-ConfigDedicated” by “tdd-UL-DL-ConfigurationDedicated” in TS 38.213 to be consistent with TS 38.331.
Proposal 7	DCI bit field of 0_1 should be padded with 0 to get aligned with the largest DCI 0_1 size UE gets configured with.
Proposal 8	DCI bit field of 1_1 should be padded with 0 to get aligned with the largest DCI 1_1 size UE gets configured with.
Proposal 9	Adopt the text proposals provided in Section 5.

[bookmark: _In-sequence_SDU_delivery]References
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[bookmark: _Ref520378880]TS 38.212, “NR; Multiplexing and channel coding,” version 15.2.0.
Appendix A: CORESET# and initial DL BWP
RAN1#94
Agreements:
· Modify the agreements in RAN1#92bis as follows.
· When monitoring for DCI in a BWP, the size of DCI format 0-0/1-0 is given by
· For format 0-0/1-0 (regardless of RNTI) in CSS, the size is given by the initial DL BWPCORESET#0
· For format 0-0/1-0 in USS, the size is given by the active BWP as long as the DCI size budget is fulfilled
· Otherwise, for format 0-0/1-0, the size is given by the initial DL BWPCORESET#0
· For DCI format 1-0 in CSS with P-RNTI, SI-RNTI, RA-RNTI, C-RNTI, CS-RNTI, or TC-RNTI:
· the RB numbering for the scheduled PDSCH starts from the lowest RB in the CORESET the DCI is received in
· the maximum number of RBs possible to indicate in the DCI is given by the size of the initial DL BWPCORESET#0.
· Payload sizes for 2-2 and 2-3 are padded (if needed) to match the size of formats 0-0/1-0 as defined by the initial BWP in CSS
· Modify the agreements in RAN1#91 as follows if Option #2 is supported in PCell
· CORESET configured by RMSI is confined within the initial DL BWPthe bandwidth of CORESET#0
· For PCell, the initial DL BWP can be configured in SIB1 to be the same as or different with the initial DL BWP as initially defined by CORESET#0
· The initial DL BWP configured in SIB1 includes the bandwidth of CORESET#0
· If the initial DL BWP configured by SIB1 is different with the initial DL BWP as initially defined by CORESET#0, the configuration of the initial DL BWP configured by SIB1 is applicable after the initial access
· For PSCell and SCell, the initial DL BWP of a cell can be configured to be the same as or different with the initial DL BWP as defined by CORESET#0 of the cell
· The initial DL BWP of a cell includes the bandwidth of CORESET#0 of the cell
· Note: RAN1 assumes that the above agreements related to PCell, PSCell and SCell have no RAN1 specification impact and will be captured in RAN2 specs
· Send LS to RAN2 to ask RAN2 to capture the above agreements related to PCell, PSCell and SCell in RAN2 specs, draft LS in R1-1810000, which is approved with final LS in R1-1810002


Appendix B: BD/CCE limits for CA
	Relationship between 4, y and T
	Self-scheduling
	Cross-carrier scheduling

	
	Same numerology
	Mixed numerologies
	Same numerology
	Mixed numerologies

	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

	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
	Case 7




Appendix C: Example configuration for DCI 0-0, 0-1, 1-0, 1-1 of same size
	1-0 (DL fallback)
	Bits
	Parameter
	Value
	Unit

	Identifier for DCI formats
	1
	DL bandwidth part
	96
	RB

	Frequenc domain resource assignment
	13
	
	
	

	Time domain resource assignment
	4
	
	
	

	VRB-to-PRB mapping
	1
	
	
	

	Modulation and coding scheme 
	5
	
	
	

	New data indicator
	1
	
	
	

	Redundancy version
	2
	
	
	

	HARQ process number 
	4
	
	
	

	Downlink assignment index
	2
	
	
	

	TPC command for scheduled PUCCH 
	2
	
	
	

	PUCCH resource indicator
	3
	
	
	

	PDSCH-to-HARQ-feedback timing indicator
	3
	
	
	

	
	
	
	
	

	Number of information bits
	41
	
	
	

	RNTI / CRC
	24
	
	
	

	Number of information bits incl. CRC/RNTI
	65
	
	
	

	Padding to align UL and DL fallback
	0
	
	
	

	Total
	65
	
	
	



	0-0 (UL fallback)
	Bits
	Parameter
	Value
	Unit

	Identifier for DCI formats
	1
	UL bandwidth part
	96
	RB

	Frequency domain resource assignment
	13
	
	
	

	Time domain PUSCH resources
	4
	SUL configured
	N
	

	Frequency hopping flag
	1
	
	
	

	Modulation and coding scheme 
	5
	
	
	

	New data indicator
	1
	
	
	

	Redundancy version
	2
	
	
	

	HARQ process number 
	4
	
	
	

	TPC command for scheduled PUSCH 
	2
	
	
	

	UL/SUL indicator
	0
	
	
	

	
	
	
	
	

	Number of information bits
	33
	
	
	

	RNTI / CRC
	24
	
	
	

	Number of information bits incl. CRC/RNTI
	57
	
	
	

	Padding to align UL and DL fallback
	8
	
	
	

	Total
	65
	
	
	



	1-1 (DL general)
	Bits
	Parameter
	Value
	Unit

	Carrier indicator
	0
	Cross carrier scheduling
	N
	

	Identifier for DCI formats
	1
	SUL configured
	N
	

	BWP indicator
	0
	# of BWPs
	1
	BWP

	Frequency domain resource assignment
	12
	DL bandwidth part
	96
	RB

	Time domain resource assignment
	1
	Resource allocation type
	Type0
	

	VRB-to-PRB mapping
	0
	RBG size config
	8
	

	PRB bundling size indicator
	0
	# of time allocation entries
	2
	entries

	Rate matching indicator
	0
	PRB bundling
	Static
	

	ZP CSI-RS trigger
	0
	Max # codewords
	1
	

	Modulation and coding scheme, TB1 
	5
	TCI present in DCI
	N
	

	New data indicator, TB1
	1
	SUL configured
	N
	

	Redundancy version, TB1
	2
	#CSI-RS resrouces
	0
	

	Modulation and coding scheme, TB2
	0
	DL carrier aggregation
	N
	

	New data indicator, TB2
	0
	HARQ-ACK-codebook
	Dynamic
	

	Redundancy version, TB2
	0
	
	
	

	HARQ process number 
	4
	
	
	

	Downlink assignment index 
	2
	
	
	

	TPC command for scheduled PUCCH 
	2
	
	
	

	PUCCH resource indicator
	3
	
	
	

	PDSCH-to-HARQ-feedback timing indicator
	1
	
	
	

	Antenna port(s)
	5
	
	
	

	Transmission configuration indication
	0
	
	
	

	SRS request
	2
	
	
	

	CBG transmission information (CBGFI)
	0
	
	
	

	CBG flushing out information (CBGFI)
	0
	
	
	

	DM-RS sequence initialization
	0
	
	
	

	
	
	
	
	

	Number of information bits
	41
	
	
	

	RNTI / CRC
	24
	
	
	

	Number of information bits incl. CRC/RNTI
	65
	
	
	

	Total
	65
	
	
	



	0-1 (UL general)
	Bits
	Parameter
	Value
	Unit

	Carrier indicator
	0
	Cross carrier scheduling
	N
	

	UL/SUL indicator
	0
	SUL configured
	N
	

	Identifier for DCI formats
	1
	# of BWPs
	1
	BWP

	BWP indicator
	0
	UL bandwidth part
	96
	RB

	Frequency domain resource assignment
	13
	Resource allocation type
	Type1
	

	Time domain resource assignment
	1
	RBG size config
	8
	

	
	
	# of time allocation entries
	2
	entries

	Frequency hopping flag
	1
	Dynamic beta_offset
	N
	

	Modulation and coding scheme 
	5
	DFT-precoded OFDM
	N
	

	New data indicator
	1
	HARQ codebook
	Semi-static
	

	Redundancy version
	2
	Two HARQ sub-codebooks
	Y
	

	HARQ process number 
	4
	
	
	

	1st downlink assignment index
	1
	
	
	

	2nd downlink assignment index
	0
	
	
	

	TPC command for scheduled PUSCH 
	2
	
	
	

	SRS resource indicator
	0
	
	
	

	Precoding information and number of layers
	0
	
	
	

	Antenna ports
	3
	
	
	

	SRS request
	2
	
	
	

	CSI request
	3
	
	
	

	CBG transmission information (CBGTI)
	0
	
	
	

	PTRS-DMRS association
	0
	
	
	

	beta_offset indicator
	0
	
	
	

	DM-RS sequence initialization
	1
	
	
	

	UL-SCH indicator 
	1
	
	
	

	
	
	
	
	

	Number of information bits
	41
	
	
	

	RNTI / CRC
	24
	
	
	

	Number of information bits incl. CRC/RNTI
	65
	
	
	

	Total
	65
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