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Remaining aspects on DCI
DCI size matching
In RAN1 meeting#94bis, it is identified that there are many check point for DCI size budget in TS38.212 for DCI format 0_0 and DCI format 1_0 in both Frequency domain resource assignment field and the part for truncating/padding bit. Since definition of ‘different DCI sizes’ does not define clearly, it may lead to different understandings for DCI payload size of DCI format 0_0/1_0. 
In order to provide clarification on this issue, related RAN1 agreements are listed as follows:
	Agreements:
· DCI format 0_1 and 1_1 are monitored only in USS.
· DCI format 0_0 and 1_0 are monitored in CSS.
· DCI format 0_0 and 1_0 can be monitored in USS.
· They have the same DCI payload size.
· One of the following is configured by RRC signaling for the USS:
· Monitoring DCI format 0_1 and 1_1 only
· Monitoring DCI format 0_0 and 1_0 only
Agreements:
· If the size of DCI format 0-0/1-0 is determined by the initial downlink BWP
· Determine the size of the resource allocation field for format 0-0 from respective (UL or SUL) initial uplink BWP
· If overall DCI size is larger than what is defined by DCI format 1-0, truncate the resource allocation field (MSBs) to match the overall size of formats 0-0 and 1-0
Agreements:
· Modify the agreements in RAN1#94 as follows.
· If CORESET#0 is configured for a cell,
· 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
· 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
· If CORESET#0 is not configured for a cell,
· 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 in CSS


According to previous agreement for DCI size matching on DCI format 0_0/1_0, we suggest to clearly explain ‘different DCI sizes’ in both Frequency domain resource assignment field and the part for truncating/padding bit. For example, the ‘different DCI sizes’ means the set of different DCI sizes except for sizes of  DCI format 0_0 and DCI format 1_0 in USS. Moreover the potential changes include Subclause 7.3.1.1.1, 7.3.1.2.1 in TS38.212.
Proposal 1: The ‘different DCI sizes’ in TS38.212 Subclause 7.3.1.1.1, 7.3.1.2.1 should be further explained. Adopt the changes in the accompanied in Draft_CR_1.   
DCI format ambiguity within overlapped search spaces
The DCI format ambiguity has been identified for the same DCI format 0_0/1_0 configured to monitor within the same CORESET and different search space types. The corresponding agreements in RAN1 meeting #94bis [1] are as follows:
	Agreements: (regarding the issue of section 2.2 in R1-1812011)
· To adopt the following TP to 38.213, 10.1
----- Start of TP -----
When two PDCCH candidates in CORESET#0 satisfy all the following conditions, the UE only decodes the DCI associated with the PDCCH candidate in the common search space. The UE does not decode the DCI associated with the PDCCH candidate in the UE-specific search space.
· DCI 0_0 and DCI 1_0 are configured to be monitored in both the common search space and the UE-specific search space and they have the same size
· Both the common search space and the UE-specific search space are configured to be monitored by the UE in CORESET#0
· PDCCH candidate of common search space and PDCCH candidate of UE-specific search space are transmitted in the same set of CCEs
· The two PDCCH candidates have identical scrambling.
· The two PDCCH candidates correspond to same RNTI type C-RNTI, MCS-C-RNTI, or CS-RNTI.


It is noticed that this case does to only occur for CORESET#0, and it may also happen when CSS and USS are configured to be associated with the same CORESET. In TS38.214 Subclause 5.1.2.2, the RB numbering should start from the lowest RB of the CORESET in which the DCI format 1_0 is detected, if the DCI format 1_0 is detected in CSS; otherwise the RB numbering should start from the lowest RB of the downlink BWP. The related contents in TS 38.214 is listed as follows:
	TS38.214 
5.1.2.2 Resource allocation in frequency domain
…
For a PDSCH scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the DCI was received; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part.
…


Therefore, the constraint on CORESET#0 of the agreement on RAN1 meeting#94bis should be removed. 
Proposal 2: When CSS with Fallback DCI and USS with non-Fallback DCI are associated with the same CORESET, UE only expect the PDCCH candidates of CSS is transmitted. Adopt the changes in the accompanied in Draft_CR_2.
DCI size budget counting
In RAN1 meeting #94bis, it is observed that the payload size of DCI format 0-0/1-0 may be the same with that of DCI format 0-1 and/or DCI format 1-1 [2]. Particularly, if USSs have overlapped PDCCH candidates, UE cannot distinguish the DCI format 0-0/1-0, DCI format 0-1, and/or DCI format 1-1 within the overlapped PDCCH candidates. 
In order to solve the above issue, the following agreement and TP were concluded:
	Agreements:
· If DCI format 0-1 (format 1-1) have the same size as 0-0/1-0, add one bit of padding to DCI format 0-1 (format 1-1) to ensure different DCI sizes. The corresponding TP to 38.212 is as below:
· Note: DCI size budget is counted after adding the padding bit.
>>> 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 >>>


This agreement will lead unnecessarily different DCI sizes caused by DCI format 0_1 and DCI format 1_1, and also further complicate the DCI budget counting procedure to achieve the following conditions:
 -     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
Firstly, additional overhead will be introduced by DCI format 0-1 and/or DCI format 1-1. It is not efficient to always append bits to DCI format 0-1 and/or DCI format 1-1. For example, if the USS of DCI format 0-0/1-0 and USS of DCI format 0-1/1-1 are associated with different CORESETs, it is more efficient to configure different PDCCH scrambling sequence for those CORESETs without introducing additional overhead. Moreover, it may further introduce unexpected dummy bit for other DCI formats, e.g. DCI format 2-0/2-1. Since the payload size of DCI format 0-1 and/or DCI format 1-1 are not allow to equal that of DCI format 0-0/1-0, the left DCI budgets are further reduced due to the padding procedure for DCI format 0-1 and/or DCI format 1-1. Therefore, payload size of DCI format 2-0/2-1 will be consequently configured to include dummy bits due to the limitations on DCI size budget. 
Secondly, it may further complicate the calculation on DCI size budgets, and cannot determine the payload size of either DCI format 0-0/1-0 or DCI format 0-1/1-1. There exists check points on different DCI sizes for DCI format 0-0/1-0. It means that the payload size of DCI format 0-0/1-0 cannot be obtained before the number of different DCI sizes are determined. However, the payload size of DCI format 0-1 and/or DCI format 1-1 can only be determined after the payload size comparison between DCI format 0-0/1-0 and DCI format 0-1/1-1. As a results, UE cannot obtain the DCI payload size of either DCI format 0-0/1-0 or DCI format 0-1/1-1, since both of DCI payload sizes can only be determined after each other. 
Based on mentioned above, we have the following observation:
Observation 1: The agreement on padding bit on DCI format 0-1 and/or DCI format 1-1 according to the payload size of DCI format 0-0/1-0 will introduce unnecessary overhead, and substantially complicate the DCI payload determination. 
Based on Observation 1, there will be two options to solve this situation. 
Option1: Do not support additionally padding bit on DCI format 0-1 and/or DCI format 1-1, and to avoid the happening of above situation. 
For Option1, in order to avoid the ambiguity on DCI format 0-1/1-1 and DCI format 0-0/1-0, it is necessary to further constraint on the transmitted PDCCH candidate on the overlapped resources. 
Specifically, if Fallback DCI and non-Fallback DCI have the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI, UE expects that only one type of DCI format is transmitted among the overlapped PDCCH candidates:
· When CSS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for Fallback DCI is transmitted.
· When USS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for non-Fallback DCI is transmitted.
It is a much simpler solution to solve the ambiguity issue on DCI format without further introducing DCI overhead and complicating the calculation on DCI size budget.
Option2:  Predefine a counting rule for DCI budget counting before adding the padding bit on DCI format 0-1 and/or DCI format 1-1.
As mentioned above, UE cannot determine either the payload size of DCI format 0-0/1-0 or DCI format 0-1/1-1, since the payload size is determined based on each other. In order to solve this issue, UE has to estimate the number of different DCI sizes before the actually determining the payload size of DCI format 0-1/1-1. In one of possible solutions, payload size of DCI format 0-0/1-0 is determined based on all temporarily available different DCI sizes. 
For example, the procedures for DCI size determination is given as follows, where the configured different DCI formats and corresponding information bits is given in Table 1.
Table 1: configured to monitored DCI format
	Configured SS
	DCI format and corresponding size of information bits
	Payload size

	CSS#1
	0_0 (61), 1_0 (70)
	0_0/1_0 (70)

	USS#1
	0_0, 1_0 
	Align with CSS#1 (70)
	0_0/1_0 (71)

	
	
	Otherwise (71)
	

	USS#2
	0_1 (70), 1_1 (71)
	0_1 (72), 1_1 (72)


Procedure: 
· Step1: DCI format 0_0 in CSS#1 is aligned to DCI format 1_0 in CSS#1.
        Output: DCI payload size for CSS#1 as 70bits
· Step2: DCI format 0_1 in USS#2 is appended 1 bits as (71) to avoid the DCI sizes 70. And DCI format 1_1 remains (71) because of not equal to any DCI in CSS#1.
Output: DCI payload size DCI format 0_1 is 71bits
               DCI payload size DCI format 1_1 is 71bits
· Step3: Counting different DCI sizes based on all temporarily available DCI sizes
	   	Total different DCI sizes include:
                        DCI size in CSS#1 is 70bits
				DCI size in USS#2: DCI format 0_1 and DCI format 1_1 is same and equal to 71bits
	   	       Different DCI sizes with CRC scrambled C-RNTI is 2.
               Different DCI sizes over CSS#1 and USS#2 is 2.
Since DCI size budget is fullfilled, DCI format 0_0/1_0 in USS#1 does not align to DCI size in CSS#1
        Output: DCI payload size for USS#1 as 71bits
· Step4: DCI format 0_1 and 1_1 in USS#2 are respectively appended 1 bits as (72) to avoid the DCI size of USS#1. 
        Output: DCI payload size for DCI format 1_1 as 72bits
                       DCI payload size for DCI format 0_1 as 72bits
The above estimations on different DCI sizes for DCI format 0-1/1-1 is based on the principle that the DCI size budgets has to be fullfilled after the padding bit is performed for DCI format 0-1/1-1. Even though this issue can be solved, it is not preferred since it further complicates the procedure on DCI size determination.
Proposal 3:  If Fallback DCI and non-Fallback DCI have the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI, UE expects that only one type of DCI format is transmitted among the overlapped PDCCH candidates:
· When CSS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for Fallback DCI is transmitted.
· When USS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for non-Fallback DCI is transmitted.
The text proposal on TS38.213 Subclause 10.1 corresponding to Proposal 3 is given in the accompanied Draft_CR_3. 
Issues for DCI alignment for Format 2_2 and 2_3
In order to minimize the total number of different DCI sizes, the size of DCI format 2_2 and 2_3 will be aligned with DCI format 1_0 in CSS. In TS 38.212, only the case of the size of DCI format 2_2 and 2_3 less than DCI format 1_0 is described. And there is no related agreements on the procedure if the information bits of DCI format 2_2 and/or DCI format 2_3 is larger than DCI format 1_0 in CSS. It is preferred that the case when the size of DCI format 2_2 and 2_3 is larger than DCI format 1_0 should be excluded in the TS 38.212.
Proposal 4: UE does not expect that the size of information bits of DCI format 2_2, or DCI format 2_3, is larger than the payload size of DCI format 1_0 in CSS. Adopt the changes in the accompanied Draft_CR_4.
The text proposal on TS38.212 Subclause 7.3.1.3.3, 7.3.1.3.4 corresponding to Proposal 4 is given in Draft_CR_4.
Consistent issue for CRC scrambled SP-CSI-RNTI
SP-CSI has been introduced in NR Rel-15 and can be triggered by UL grant. CSI request field in DCI format 0_1 with CRC scrambled by SP-CSI-RNTI can be used to trigger SP-CSI transmission. While in DCI format 0_0, there is no CSI request field, thus DCI format 0_0 cannot be used to trigger SP-CSI and in TS 38.212 DCI format 0_0 is not scrambled by SP-CSI-RNTI for CRC. But in TS38.214, there are some incorrect descriptions that DCI format 0_0 with CRC scrambled with SP-CSI-RNTI. The descriptions in TS 38.214 should be aligned with TS 38.212.
[bookmark: _GoBack]Proposal 5: Remove the descriptions of DCI format 0_0 with CRC scrambled by SPS-CSI-RNTI in TS38.214 Subclause 6.1.4.1 and 6.1.4.2. Adopt the changes in the accompanied Draft_CR_5.
Other issues
The following agreement was made in RAN1 #94 meeting, 
	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


This agreement has not been captured in the latest TS 38.213. 
Proposal 6: Capture the agreement of ‘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’ in TS38.213 Subclause 10.1. Adopt the changes in the accompanied Draft_CR_6.
Remaining aspects for CA
The limit of BDs/CCEs for CA case
The following agreements were achieved w.r.t CA in RAN1#94bis: 
Agreements:
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), 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 per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case)
· For cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), 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 numerology per slot is Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y)}, where;
· Xi (i=0, 1, 2, 3) denotes the number of DL-CCs per numerology i
· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for numerology i, respectively
· Discuss further offline per CC limit for the above two cases
Agreement:
· Update the RAN1#94 conclusion as following:
	Conclusion:
· For self-scheduling and for cross-carrier scheduling with the same numerology for all the DL serving cells and for cross-carrier scheduling with the same numerology between scheduling cell and scheduled cell(s) but different numerologies between scheduling cell(s), total number of CCEs or BDs corresponding to the remaining PDCCH candidates after PDCCH candidates are dropped based on the non-CA limit for the PCell (PSCell) and the configured PDCCH candidates for SCells is guaranteed by network to be no more than the CA limit.



Conclusion:
· It is understood that the BD/CCE limit is based on the current active DL BWP
From RAN1#93 to RAN1#94bis, a couple of agreements have been achieved for the limit of BDs/CCEs for CA.  All the scenarios and the corresponding agreements already reached are summarized in Table 2. The text highlighted in blue is the content about per CC limit. The text highlighted in green is the limit defined in current agreements. The text highlighted in yellow is the content about overbooking.
[bookmark: _Ref520507475][bookmark: _Ref521679536]Table 2 Summary of the scenarios and agreements for the limit of BDs/CCEs for CA
	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
NW ensures the number of BDs/CCEs on any SCell does not exceed the non-CA limit. 
	Case 4
The limit of the scheduling CC per slot is (number of schedulable CCs)*limit for non-CA case
No agreements on per CC limit and SCell overbooking
	Case 6-1
(Postponed to Rel.16)

	Case 6-2
the limit of BDs/CCEs per scheduling CC per slot is (the number of CCs schedulable by the scheduling CC) x (the limit of BDs/CCEs for non-CA case) 
(Same as case 4)
No agreements on per CC limit and SCell overbooking

	T>4 and T>y
	Case 2
The total limit across CCs is based on BD capability and 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.

	Case 3
The total limit across CCs per μ is based on BD capability, subject to the non-CA limit on each CC.
The limit per μ is y*M(μ) and proportion of the number of configured CCs with μ to the total number of configured CCs.
For SCell, NW ensures no overbooking based on non-CA case occurs.

	Case 5
The total limit across CCs is based on BD capability and can be split across CCs, subject to the non-CA limit on each CC
(same as case 2)
For SCell, NW ensures no overbooking based on non-CA case occurs.

	Case 7-1
(Postponed to Rel.16)

	Case 7-2
the limit of BDs/CCEs per μ per slot  is y*M(μ) and proportion of the number of CCs with μ to the total number of CCs.
No agreements on per CC limit and SCell overbooking


The remaining issues need further discussion are as following:
· Issue 1: Is the BDs/CCEs limit determined based on the number of configured downlink cells or the number of activated downlink cells?
· Issue 2: How is the numerology of a serving cell determined for BDs/CCEs limit determination?
· Issue 3: Is “per scheduled CC limit” also necessary for cross-carrier scheduling?
Before we discuss the remaining issues, the intention of defining the BDs/CCEs limit in the spec should be first clarified. In our understanding, the limit reflects the capability of a UE to perform blind detection, which can be considered as a static parameter. It is not the number of actually monitored BDs/CCEs for the UE. There are two purposes to define the BDs/CCEs limit in the spec:
1) To provide guidance to the network on the search space set configuration for a UE
2) To indicate to the UE how to do the search space mapping when PDCCH overbooking happens
To make these two purposes clear, the simple cases of the non-CA and Case 1 for CA are good examples. 
· For single cell (non-CA)
· The BDs/CCEs limit is defined per numerology for a single serving cell, i.e. 44 for 15 kHz SCS, 36 for 30 kHz SCS, etc. 
· Search space set configuration from the network can result in the number of BDs/CCEs that is beyond the limit, called PDCCH overbooking.
· UE uses the limit to do the search space mapping when PDCCH overbooking happens. 
· The maximum number of monitored BDs/CCEs for the UE on the cell is the BDs/CCEs limit on the numerology of the active BWP.

· For Case 1 for CA
· The BDs/CCEs limit is defined per numerology per CC.
· For PCell, same as the case of the single cell, the BDs/CCEs limit is used for UE to do the search space mapping when PDCCH overbooking is applied. The maximum number of monitored BDs/CCEs for the UE on the cell is the BDs/CCEs limit on the numerology of the active BWP.
· For SCell, the BDs/CCEs limit is used for network to do the search space set configuration. The network ensures the configuration does not break the BDs/CCEs limit (i.e. UE capability). The maximum number of monitored BDs/CCEs for the UE on the cell is based on the configuration of the active BWP.

· For Case 2 for CA 
· The total BDs/CCEs limit is defined per numerology across CCs based on UE BD capability.
· For PCell, same as the case of the single cell
· For SCell, the total BDs/CCEs limit is used for network to do the search space set configuration. The network ensures the configuration across CCs does not break the BDs/CCEs limit (i.e. UE capability). The maximum number of monitored BDs/CCEs for the UE on the cell is based on the configuration of the active BWP.

· For Case 3 for CA
· The total BDs/CCEs limit is defined per numerology across CCs based on UE BD capability and in proportion of the number of configured CCs with one numerology μ to the total number of configured CCs. 

· For Case 4,Case 6-2, and Case 7-2 for CA
· The limit per scheduling CC is defined based on the number of schedulable CCs for Case 4 and Case 6-2.The limit per numerology is defined based on the number of configured CCs for Case 7-2.  If a subset of the configured cells are activated, the number of PDCCH candidates configured for each activate cell might be larger than the non-CA limit by RRC reconfiguration which is not expected from UE perspective.
According to the above analysis, the total BDs/CCEs should be based on the number of configured DL cells and should not change with activation/deactivation of configured DL cells. Therefore, the following proposal is given:
Proposal 7: The total BDs/CCEs limit is determined by the number of configured downlink cells.
Regarding the numerology of a configured cell (for BDs/CCEs limit determination purposes), it should be noted that a serving cell configured to a UE is either active or inactive (The PCell is always an active cell. A SCell after being activated by an activation command is an active cell, otherwise it is an inactive cell). For an active cell, the numerology is determined by the active DL BWP, which is line with the conclusion in RAN1#94bis meeting. For the numerology of an inactive cell, the following two options can be considered:
· Option 1: Based on the numerology of the first active DL BWP configured for the cell
· Option 2: Based on the lowest configured SCS among all  configured BWPs for the cell
The numerology of the first active DL BWP is the numerology which is first used when the cell is activated. Therefore, Option 1 is preferred, since it is consistent with the numerology determination for the active cell.
Proposal 8: For determination of total BDs/CCEs limit, the numerology of an active downlink cell is the numerology of the active DL BWP in the cell, and the numerology of an inactive downlink cell is the numerology of the first active DL BWP of the cell.
Furthermore, to clarify the difference between the BDs/CCEs limit and the number of BDs/CCEs monitored by a UE, the following proposal is given:
Proposal 9: The maximum number of BDs/CCEs monitored by the UE for a serving cell is determined by the numerology of active BWP. 
About per scheduled CC limit for cross-carrier scheduling, free sharing of BDs/CCEs limit across less activated cells is not expected without per scheduled CC limit. According to the summary of BDs/CCEs limit for CA in Table 2, per scheduled CC limit in all cases other than Case 4/Case 6-2/Case 7-2 have already been captured in current agreements (highlighted in blue). Furthermore, the description of no overbooking for SCells for cross-carrier scheduling cases Case 4/Case 6-2/Case 7-2 are also needed.
Proposal 10: For cross-carrier scheduling in Case 4, Case 6-2, and Case 7-2, per scheduled CC limit is necessary and the network ensures no overbooking based on non-CA case occurs for SCell.
Besides, in order to clearly clarify the previous agreements and provide text proposal for Proposal 8-10, corresponding draft CR is given in the accompanied Draft_CR_7.
CCE indexes for cross-carrier scheduling
Background
In RAN1#94, the issue about how UE knows the number of PDCCH candidates for each scheduled cell in case of cross-carrier scheduling was identified and the initial LS [3] was sent to RAN2 with the following two suggestions:
· Without ASN.1 signaling change with possible field description updates:
· Search space with ID#s configuration configured on a BWP of a scheduled cell is used to determine the number of PDCCH candidate(s) for each aggregation level monitored in a search space with ID#s of a BWP of the scheduling cell for the BWP of the scheduled cell
· Otherwise, modifying ASN.1, e.g., update of crossCarrierSchedulingConfig, PDCCH-Config, SearchSpace, etc
In RAN2#103bis, the issue was discussed and the reply LS [4] was sent to RAN1, indicating that RAN2 have the strong preference to adopt an approach which is without ASN.1 change. Accordingly, two potential directions without ASN.1 change were provided by RAN2:
· Solution 1: UE uses the same search space ID for linkage of scheduled cell and scheduling cell. The IE nrofCandidates configured in the SearchSpace with the same search space ID in the scheduled cell is used by the scheduling cell for cross carrier scheduling
· Solution 2: The SearchSpace configured in the PDCCH-Config of the scheduled cell points to the CORESET ID of the CORESET that is configured in the scheduling cell.
Analysis two potential directions from RAN2
Before we discuss the solutions in detail, the current RRC structure for search space set(s), CORESET(s) and BWP(s) configuration is depicted in Figure 1. The BWP highlighted in yellow indicates the active BWP. UE-specific search space set(s) are configured in each BWP within a serving cell.  A search space (SS) set with a SS ID is associated with a CORESET with a CORESET ID. The CORESET associated with an SS set is located in the same BWP as the SS set. The SS ID and CORESET ID are unique among the BWPs of a serving Cell.
[image: ]
[bookmark: _Ref528837068]Figure 1  RRC structure for SS, CORESET, and BWP configuration of two serving cells
In Solution 1 from RAN2, while monitoring a SS with ID#X in the active BWP of the scheduling cell, nrofCandidates as configured in this SS refers to the number of PDCCH candidates for the scheduling cell, and nrofCandidates as configured in a SS with the same ID#X in the active BWP of a scheduled cell refers to the number of PDCCH candidates for that scheduled cell. Considering the fact that SS configuration is per BWP, the configuration of SS with the same ID#X in the active BWP of a scheduled cell should be guaranteed. To guarantee this, the network has the following two options: 
•	Either the network has to repeat each SS ID of the scheduling cell in all configured BWPs of scheduled cell, as shown in Figure 2 assuming that CC0 is the scheduling cell and CC1 is the scheduled cell. This implies that the number of PDCCH candidates for all configured BWPs of scheduled cell should be the same. This loses the SS configuration flexibility which is in contrary to the original intention of SS configuration per BWP. Also, the redundant repeated configuration of the same SSs in all configured BWPs of scheduled cell is not preferred due to large RRC signaling overhead;
•	Or the network has to switch the active BWP of the scheduled cell to a BWP that is configured with a SS with the same ID#X to match the SS ID of the scheduling cell if the SS with the same ID#X is not configured in the active BWP of a scheduled cell. As shown in Figure 1 assuming CC0 is the scheduling cell and CC1 is the scheduled cell, while monitoring a SS with ID#1 in the active BWP of the scheduling cell, SS with ID#1 (in BWP1) of the scheduled cell is not active. If SS with ID#1 in the active BWP of the scheduled cell should be guaranteed, the network has to switch the active BWP of the scheduled cell from BWP2 to BWP1. However, the BWP switching to match the SS ID in active BWP of scheduling cell and the scheduled cell is not expected from network perspective. Furthermore, if the SS with ID#X which is within the active BWP of the scheduling cell is not configured in the scheduled cell, the number of PDCCH candidates for the scheduled cell cannot be obtained (e.g. SS ID#3 in Figure 1).
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[bookmark: _Ref528835753]Figure 2 Solution 1: SS configuration on two serving cells with cross-carrier scheduling 
In Solution 2 from RAN2, the SS configured in the scheduled cell points to the CORESET ID of the CORESET that is configured in the scheduling cell, as shown in Figure 5. It should be noted that the associated CORESET of a configured SS of a BWP should be fully contained in frequency in the BWP. Based on this restriction, the SS in the active BWP of the scheduled cell should point to the CORESET ID#Y of a CORESET that is contained in the active BWP of the scheduling cell. To guarantee this, the network has two options:
•	Either the network has to configure a SS associated with the CORESET having CORESET ID#Y in all configured BWPs of scheduling cell. This implies that all configured BWPs of the scheduling cell should contain in frequency the CORESET with CORESET ID#Y. This restriction is in contrary to the BWP configuration flexibility and is not preferred. An example is depicted in Figure 3 and Figure 4, where CORESET ID#1 and CORESET ID#2 are repeated in BWP1 and BWP2 of scheduling cell. CORESET ID#3 cannot be used for cross-carrier scheduling since it is not included in BWP1 of scheduling cell and cannot be pointed to by the scheduled cell; 
•	Or the network has to switch the active BWP of the scheduling cell to a BWP that is configured with a SS associated with the CORESET having CORESET ID#Y to match the CORESET ID pointed to by the scheduled cell if a SS associated with the CORESET having CORESET ID#Y is not configured in the active BWP of a scheduling cell. Taking Figure 5 as an example, the active BWP of the scheduling cell should be switched from BWP1 to BWP2 to match the CORESET ID#3 pointed to by the SS in active BWP (BWP2) of the scheduled cell. However, the BWP switching to match the CORESET ID of scheduling cell and the scheduled cell is not expected.
[bookmark: _Ref528928394][bookmark: _Ref528850683][image: ]
Figure 3 CORESET and BWP configurations in scheduling cell
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[bookmark: _Ref528928416]Figure 4 Valid SS configuration on two serving cells with cross-carrier scheduling for Solution 2
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[bookmark: _Ref528838573]Figure 5 Solution 2: SS configuration on two serving cells with cross-carrier scheduling



Comparing both solutions, Solution 2 has more restrictions which are not expected. For Solution 1, the key issue is due to the same SS ID linkage between the scheduling cell and scheduled cell. This fixed SS ID linkage is due to the fact that in current spec the CCE indexes for aggregation level  corresponding to PDCCH candidate  for an active DL BWP of a serving cell corresponding to carrier indicator field value  are given by 

                          (1)












where is the carrier indicator field value if the UE is configured with a carrier indicator field by CrossCarrierSchedulingConfig for the serving cell on which PDCCH is monitored; otherwise, including for any CSS, ,, where  is the number of PDCCH candidates the UE is configured to monitor for aggregation level  of a search space set  for a serving cell corresponding to  for a USS,  is the maximum of  over all configured  values for a CCE aggregation level  of search space set .
According to (1), when calculating the CCE indexes for aggregation level  corresponding to PDCCH candidates for scheduling cell and the scheduled cell, the number of PDCCH candidates for the scheduling cell and the scheduled cell should come from the search space set with the same SS ID# of the scheduling cell and the scheduled cell. Therefore, the issue of Solution 1 can be resolved by breaking this restriction of the same SS ID linkage, as elaborated on in the next section.
The analysis results above are captured in [5].
Proposed solution
In order to break the same SS ID linkage, a preferred solution is illustrated in Figure 6: Each BWP of the scheduled cell is configured with only one SS set. There is no restriction of SS ID configuration of the scheduled cell and there is no specific CORESET configuration of the scheduled cell. The number of PDCCH candidates for the scheduled cell comes from the SS set configuration in the active BWP of the scheduled cell. The UE knows which BWP is active in the scheduling cell and the scheduled cell. A mapping between the SS set in the active BWP of the scheduling cell to the SS set in the active BWP of the scheduled cell can help the UE find the corresponding number of PDCCH candidates of the scheduled cell.
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[bookmark: _Ref528200625]Figure 6 Proposed solution of configuration structure of two serving cells with cross-carrier scheduling
When calculating the CCE indexes for aggregation level  corresponding to PDCCH candidates for scheduling cell and the scheduled cell, the following (2)(3) can be used respectively:
           (2)
           (3)



where  is the SS set in the active BWP of the scheduling cell and  is the SS set in the active BWP of scheduled cell. can be any SS set in the active BWP of the scheduling cell. If only one SS set is configured in each BWP of the scheduled cell, is the SS ID of that SS set. is the maximum of  over all configured  values for a CCE aggregation level  of search space set  which is corresponding to in active BWP of the cell indicated by .
Proposal 11: Search space mapping between the SS set within the active BWP of the scheduling cell and the SS set within the active BWP of the scheduled cell is needed.
The text proposal on TS38.213 Subclause 10.1 corresponding to Proposal 11 is given in the accompanied Draft_CR_8.
Conclusions
The contribution provides our views on remaining issues on DL control, we have the following observations and proposals:
Proposal 1: The ‘different DCI sizes’ in TS38.212 Subclause 7.3.1.1.1, 7.3.1.2.1 should be further explained. Adopt the changes in the accompanied in Draft_CR_1.   
Proposal 2: When CSS with Fallback DCI and USS with non-Fallback DCI are associated with the same CORESET, UE only expect the PDCCH candidates of CSS is transmitted. Adopt the changes in the accompanied in Draft_CR_2.
Observation 1: The agreement on padding bit on DCI format 0-1 and/or DCI format 1-1 according to the payload size of DCI format 0-0/1-0 will introduce unnecessary overhead, and substantially complicate the DCI payload determination. 
Proposal 3:  If Fallback DCI and non-Fallback DCI have the same DCI payload size and with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI, UE expects that only one type of DCI format is transmitted among the overlapped PDCCH candidates:
· When CSS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for Fallback DCI is transmitted.
· When USS with Fallback DCI and USS with non-Fallback DCI are overlapped, UE only expect that the PDCCH candidates for non-Fallback DCI is transmitted.
Proposal 4: UE does not expect that the size of information bits of DCI format 2_2, or DCI format 2_3, is larger than the payload size of DCI format 1_0 in CSS. Adopt the changes in the accompanied Draft_CR_4.
Proposal 5: Remove the descriptions of DCI format 0_0 with CRC scrambled by SPS-CSI-RNTI in TS38.214 Subclause 6.1.4.1 and 6.1.4.2. Adopt the changes in the accompanied Draft_CR_5.
Proposal 6: Capture the agreement of ‘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’ in TS38.213 Subclause 10.1. Adopt the changes in the accompanied Draft_CR_6.
Proposal 7: The total BDs/CCEs limit is determined by the number of configured downlink cells.
Proposal 8: For determination of total BDs/CCEs limit, the numerology of an active downlink cell is the numerology of the active DL BWP in the cell, and the numerology of an inactive downlink cell is the numerology of the first active DL BWP of the cell.
Proposal 9: The maximum number of BDs/CCEs monitored by the UE for a serving cell is determined by the numerology of active BWP. 
Proposal 10: For cross-carrier scheduling in Case 4, Case 6-2, and Case 7-2, per scheduled CC limit is necessary and the network ensures no overbooking based on non-CA case occurs for SCell.
Proposal 11: Search space mapping between the SS set within the active BWP of the scheduling cell and the SS set within the active BWP of the scheduled cell is needed.
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