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Introduction
In this paper, we will discuss the remaining issues for Re. 16 SCell dormancy when the UE is within DRX active time 
· Case 1 and 2 SCell dormancy indication DCI monitoring on the PCell and SCell dormancy indication using cross-carrier scheduling DCI
· HARQ-ACK for the receipt of the SCell dormancy indication DCI without scheduling data

Discussions
When the UE is within active time, two cases are supported for SCell dormancy indication by PDCCH
· Case 1: PDCCH schedules data on the primary cell and also indicates dormancy for SCell(s)
· Case 2: PDCCH indicates dormancy for SCell(s) without scheduling data
Network can choose to enable case 1 or case 2 by 
· Configure zero bit for the dormancy indication field in the case 1 PDCCH. When network does so, the UE only receives the SCell dormancy indication from a case 2 PDCCH.
· Use frequency domain resource assignment (FDRA) field to indicate whether the SCell dormancy indication DCI is case 1 or case 2. If the FDRA field contains an invalid value for data scheduling, the DCI belongs to case 2. Otherwise, it is case 1.
Monitoring of Case 1/2 DCIs
The following working assumption and agreements were made in Rel. 16 meetings for the design of SCell dormancy indication DCIs.
	RAN1 #98bis
Proposed working assumption:
1. For the L1 based Scell dormancy indication sent on primary cell within active time 
0. Support the following two cases for the PDCCH with dormancy indication  
0. Case 1: The PDCCH schedules data for primary cell and also indicates dormancy for Scell(s)
0. X2=5 (Note: X2 is upper bound)
0. Discuss detailed design of explicit information field in DCI and associated RRC signaling in RAN1#99
0. Case 2: The PDCCH indicates dormancy for Scell(s) without scheduling data
0. Discuss detailed design of explicit information field in DCI in RAN1#99
0. UE is indicated whether the PDCCH with dormancy indication is according to Case 1 or Case 2 
1. FFS details: e.g. a dedicated bit for the differentiation, a reserved combination of DCI fields etc.
Note: no new RRC signaling introduced specifically for this indication
RAN1 #99
Agreements:
· At least for the case when PDCCH schedules data for primary cell and also indicates dormancy for Scell(s) (i.e., Case 1), 
· N (0≤N≤X2) Scell groups are configured for the UE where each Scell group can have one or multiple Scells
· Note: The Scell group configuration is independent from the agreed Scell group configuration for dormancy indication outside active time
· Note: X2=5 per RAN1#98bis working assumption.
· The explicit information field for SCell dormancy indication is a bitmap of length N with each bit corresponding to one Scell group. 
The bitmap is appended to existing fields of DCI format 0-1,1-1 (i.e., size of DCI format 0-1, 1-1 is increased by N (0≤N≤X2) bits).
Agreements:
· For the case when PDCCH with DCI format 1-1 is used for indicating dormancy for SCells, and when UE is indicated that the PDCCH is not used for PDSCH scheduling (i.e., Case 2)
· The explicit information field for SCell dormancy indication is a bitmap of length N1 where N1 is the number of configured Scells for the UE, and each bit in the bitmap corresponds to one configured SCell
· The following fields are re-purposed in the PDCCH for dormancy indication– MCS (5), NDI (1), RV(2), HARQ process number(4), Antenna port(s) (at least 2 4), DMRS sequence initialization
· Other fields are not re-purposed
· FFS whether or not CIF, if present, can indicate a Scell or not
· Note: the DCI format size is same as that of Case 1 (i.e., if RRC configures N (0≤N≤X2) SCell groups, N bits are added to the DCI)



RAN1 SCell dormancy indication DCI design was limited to the case that the SCell dormancy indication DCI is transmitted on the primary cell (i.e. PCell and/or PSCell). This can be reflected by the proposed working assumption that was approved as the conclusion of email discussions after RAN1 #98bis. The case 1 agreement from RAN1 #99 explicitly mentioned that case 1 DCI applies to data scheduling for PCell which implies that the case 1 DCI is sent on PCell. There is no such wording in the case 2 DCI agreement. However, without further agreement that supports dormancy indication DCI transmission on SCells, for both case 1 and case 2, it should be assumed that these DCIs are only sent on the PCell. It should be noted that primary cell refers to PCell at least, and if SCG is configured, primary cell also includes PSCell for SCG. In the discussion in this section, we discuss using PCell but the same discussion also applies to PSCell for the case SCG is configured.
[bookmark: _GoBack]There is an FFS in the following RAN1 #99 agreement for the carrier indicator field (CIF) in the case 2 SCell dormancy indication DCI [1]. Although the FFS is only for the case 2 DCI, it is worthwhile to clarify the usage of CIF for the case 1 DCI too. For case 1 dormancy indication DCI, the RAN1 #99 agreement above indicates that this DCI is used for data scheduling for the PCell. This implies CIF is 0 if cross-carrier scheduling is enabled and PCell is a scheduling cell. Although it is technically doable to indicate SCell dormancy by using a cross-carrier scheduling DCI with non-zero CIF if cross-carrier scheduling is configured on PCell, there has been some discussion whether there is need to support non-zero CIF or not. In our view, the main drawback is that this results in a constant DCI size overhead for the cross-carrier scheduling DCI similar to case 1 DCI for self-scheduling on the PCell. To avoid this overhead, case 1 DCI with non-zero CIF should be prohibited. For case 2 dormancy indication DCI, the consideration is different because there is no fixed size overhead added to the DCI even if non-zero CIF is supported. Therefore, we do not see an issue with case 2 SCell dormancy indication DCI that has a non-zero CIF.
[bookmark: p1]Proposal 1: Adopt the text proposal in TS 38.213 in subclause 10.3 to clarify that 
· Case 1 DCI and case 2 DCI are only sent on the PCell and PSCell
· Case 1 DCI is not used for cross-carrier scheduling. I.e., case 1 DCI should be limited to CIF=0.
[bookmark: _Toc503314554][bookmark: _Toc503531337]
	10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
[…]
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 0_1 and DCI format 1_1 on the PCell or on the PSCell and if one or both of DCI format 0_1 and DCI format 1_1 include a XYZ field, 
-	the XYZ field is a bitmap with size equal to a number of groups of configured SCells, provided by Scell-groups-for-dormancy-within-active-time, 
-	each bit of the bitmap corresponds to a group of configured SCells from the number of groups of configured SCells
-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for each activated SCell in the corresponding group of configured SCells
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for each activated SCell in the corresponding group of configured SCells
-	if cross-carrier scheduling is configured and the PCell or the PSCell is configured as the scheduling carrier, the UE does not expect to detect the DCI format 0_1 or DCI format 1_1 with a non-zero value of the CIF
If a UE is provided search space sets to monitor PDCCH on the PCell or on the PSCell for detection of DCI format 1_1, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1
the UE considers the DCI format 1_1 as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time for each activated SCell and interprets the sequence of fields of, for transport block 1 
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
and of
-	HARQ process number
-	Antenna port(s)
-	DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for a corresponding activated SCell
[…]



HARQ-ACK for Case 2 DCI
In RAN1 #99, the following agreements were made to allow the UE to confirm the receipt of case 2 dormancy indication DCI (i.e., DCI 1-1) in a dynamic HARQ-ACK codebook [1]. In this paper, we discuss details for the HARQ-ACK codebook design for the case 2 dormancy indication DCI.
	RAN1 #99
Agreements:
· DCI format 0-1 is not used for Case 2 dormancy indication
Agreements:
· For Type 2 codebook, ACK is transmitted by the UE in response to detection of Case 2 PDCCH with SCell dormancy indication
· For type 1 codebook, no HARQ response is supported in response to detection of Case 2 PDCCH with SCell dormancy indication



When DCI 1-1 is used for case 2 SCell dormancy indication, besides FDRA, a few other fields can be re-purposed to carry the dormancy indication bitmap for configured SCells. These fields include MCS, NDI, RV, HARQ process number, Antenna port(s), DMRS sequence initialization. The other remaining fields are not re-purposed. 
For a regular unicast PDSCH, to determine the slot where HARQ-ACK is transmitted, the PUCCH resource to be used and location of the HARQ-ACK bit in the codebook, the following fields in the scheduling DCI are used
· Time Domain Resource Assignment
· PDSCH-to-HARQ_feedback timing indicator
· PUCCH resource indicator
· Downlink Assignment Index
For the case 2 dormancy indication DCI, it is convenient to use these existing fields to generate the HARQ-ACK codebook as if the DCI has scheduled a PDSCH. In this case, the PDSCH is not transmitted by network and therefore it is a virtual PDSCH. This can be explained by the following figure where time domain location of the virtual PDSCH is indicated by the TDRA field of the case 2 DCI and the HARQ-ACK codebook is constructed based on the PDSCH-to-HARQ_feedback timing indicator, PUCCH resource indicator and DAI fields. The UE transmits an ACK bit if it has received the case 2 DCI in the same way as when it has successfully decoded a PDSCH scheduled by the DCI. Difference between this HARQ-ACK for the virtual PDSCH and the HARQ-ACK for an actually scheduled PDSCH is that for this HARQ-ACK, the UE does not need to perform any PDSCH decoding.
[bookmark: p2]Proposal 2: For case 2 SCell dormancy indication DCI that does not schedule data, network configures the following field in the DCI as if a PDSCH is scheduled by the DCI. Once the UE receives the case 2 DCI, it uses these fields to generate the HARQ-ACK codebook in the same way as when it successfully decodes the PDSCH that is scheduled by the DCI.
· Time Domain Resource Assignment
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink Assignment Index


[bookmark: p3]Proposal 3: Adopt the text proposal for HARQ-ACK for case 2 SCell dormancy indication DCI in TS 38.213 in subclause 10.3.
	[bookmark: _Toc29894868][bookmark: _Toc29899167][bookmark: _Toc29899585][bookmark: _Toc29917314]10.3	PDCCH monitoring indication and dormancy/non-dormancy behaviour for SCells
[…]
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1
the UE considers the DCI format 1_1 as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time for each activated SCell and interprets the sequence of fields of, for transport block 1 
-	Modulation and coding scheme
-	New data indicator
-	Redundancy version
and of
-	HARQ process number
-	Antenna port(s)
-	DMRS sequence initialization
as providing a bitmap to each configured SCell, in an ascending order of the SCell index, where-	a '0' value for a bit of the bitmap indicates an active DL BWP, provided by dormant-BWP, for the UE for a corresponding activated SCell 
-	a '1' value for a bit of the bitmap indicates an active DL BWP, provided by first-non-dormant-BWP-ID-for-DCI-inside-active-time, for the UE for a corresponding activated SCell. The UE generates an ACK bit for the DCI format 1_1 if Type-2 HARQ-ACK codebook is configured. The ACK bit is generated in the way as if a PDSCH scheduled by the DCI format 1_1 is successfully decoded based on the following fields of the DCI format
-	Time Domain Resource Assignment 
-	PUCCH resource indicator
-	PDSCH-to-HARQ_feedback timing indicator
-	Downlink Assignment Index
[…]



Conclusion
In this contribution, the following proposals have been made.
Proposal 1: Adopt the text proposal in TS 38.213 in subclause 10.3 to clarify that 
· Case 1 DCI and case 2 DCI are only sent on the PCell and PSCell
· Case 1 DCI is not used for cross-carrier scheduling. I.e., case 1 DCI should be limited to CIF=0.
Proposal 2: For case 2 SCell dormancy indication DCI that does not schedule data, network configures the following field in the DCI as if a PDSCH is scheduled by the DCI. Once the UE receives the case 2 DCI, it uses these fields to generate the HARQ-ACK codebook in the same way as when it successfully decodes the PDSCH that is scheduled by the DCI.
· Time Domain Resource Assignment
· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator
· Downlink Assignment Index
Proposal 3: Adopt the text proposal for HARQ-ACK for case 2 SCell dormancy indication DCI in TS 38.213 in subclause 10.3.
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