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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK73][bookmark: OLE_LINK74]In RAN1#97 meeting [1], alternatives to support multiple higher SCS slots PDSCH/PUSCH transmission through equal or less number of DCIs in one slot with lower SCS PDCCH were proposed. The following agreements have been achieved: 
Agreements:
· For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), support using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH), where M<=N (for slot aggregation, M<N) following at least one of the following rules (potential down-selection can be done during Rel-16 UE feature discussion):
· Alt 1a: Define max number of unicast DCIs that the UE is expected to decode in each span of PDCCH symbols
· Further discussion only for unicast DCI or not
· Alt 1b: Define an increased number of valid unicast DCIs per PDCCH monitoring occasions
· Alt 1c: based on Rel-15 FG 3-5/3-5b 
· Further discussion whether some additional clarification is needed or not  potential clarification can be discussed under UE features
In this contribution different alternatives for UE feature and related issues for multiple DCIs within a same PDCCH monitoring occasion or different PDCCH monitoring occasions with the same starting time are further discussed.
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]Views in relation to current UE feature
For FG 3-1, which is the basic DL control channel feature:
“…
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
”
The number of unicast DCIs that UE can process is defined per slot per scheduled CC.

For FG 3-5b, the following can be understood:
X OFDM symbols and Y consecutive OFDM symbols are defined for minimum time separation between the start of two spans and maximum length of each span respectively. 
The restriction of the number of different start symbol indices of PDCCH monitoring occasions is defined per slot.

In R15, there is no ambiguity on the definition because the numerology is same for both the scheduling and the scheduled cells. However, in the case of cross-carrier scheduling with different numerologies in R16, it is not clear whether the above restriction is applied to “per slot of the scheduling CC” or “per slot of the scheduled CC”, as well as the number of symbols. 
In our view, FG3-1 is the basic DL control feature that all R15 UE supposed to be able to support. Thus the UE capability designed for FG3-1 based on same SCS scheduling (if cross carrier) is expected to be differentiated from the enhanced R16 UE capability with cross-carrier scheduling with different numerologies. Therefore, the “per slot” in FG3-1 should be maintained as an indication of same SCS scheduling. 
For the “per slot” or “number of symbols” defined in FG3-5b, clarification can be made in order to accommodate the further specified UE feature. If it is clarified as “per slot of the scheduled CC”, same scheduling capability is maintained for both self-scheduling and cross-scheduling scenarios, with the same or different numerologies. Though implementation-wise the UE behavior is different, the specification impact based on FG 3-5b can be small, and the requirements to UE implementation change is already minimized noting that the concluded design for cross-carrier scheduling with different SCSs in R16 has been based on worst case (i.e. most relaxed UE processing capability). Further detailed analysis can be found in section 3.
UE feature discussion
According to the definition of FG 3-5b, different candidate value set of (X, Y) can be reported by a UE, e.g. {(7, 3)}, {(4, 3) and (7, 3)} or {(2, 2) and (4, 3) and (7, 3)}.  Different number of PDCCH monitoring occasions (PMOs) in spans can be supported per slot of the scheduling cell. Since the spans do not overlap, the number of spans and the number of PMOs in a span can be illustrated in the following Figure 1 to Figure 3.
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[bookmark: _Ref15308662]Figure 1 Possible monitoring spans and PMOs for UE reporting (7, 3)
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Figure 2 Possible monitoring spans for UE reporting (4, 3)
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[bookmark: _Ref15308666]Figure 3 Possible monitoring spans and PMOs for UE reporting (2, 2)
The number of valid unicast DCIs the UE can process within the same span is defined as following according to FG 3-5b:
 “For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD”

According to above analysis and the agreed delta-value for lower SCS PDCCH to higher SCS PDSCH (e.g. 4 symbols for 15 kHz), the number of valid DCIs can meet the requirement of most cases for lower SCS PDCCH scheduling a higher SCS PDSCH/PUSCH if the reported capability is {(2, 2) (4, 3) (7, 3)}, shown in Figure 4 to Figure 6 taking scheduling cell with 15kHz SCS as examples. It should be noted that multiple DL DCIs or UL DCIs included in different PMOs with the same starting symbol need to be supported for 8 slots scheduling for scheduled cell. Otherwise, increased number of valid unicast DCIs that the UE is expected to decode in each PDCCH monitoring span is needed. In R16, small number of valid unicast DCIs increasing within the same span can be expected since multiple DCIs can be allocated in multiple span with a slot. The increased maximum number of unicast DCIs in each span can be further discussed. Furthermore, another maximum number of unicast DCIs within a slot for each scheduled cells (e.g. 8 for 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH) can also be considered in R16 UE feature discussion.
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[bookmark: _Ref15144977]Figure 4 15 kHz SCS PDCCH scheduling 30 kHz SCS PDSCH/PUSCH with FG 3-5b {(4, 3)(7,3) } 
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[bookmark: _Ref15144979]Figure 5 15 kHz SCS PDCCH scheduling 60 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)(4,3)(7,3) }
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[bookmark: _Ref15312904]Figure 6 15 kHz SCS PDCCH scheduling 120 kHz SCS PDSCH/PUSCH with FG 3-5b {(2,2)(4,3)(7,3) }

Observation 1: The rule of FG 3-5b can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH.
Based on the above analysis, the following proposal is given:
Proposal 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), supporting using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH)  can be based on R15 FG 3-5b(Alt 1c), where M=<N.

PUCCH resource determination and HARQ-ACK codebook
According to above discussion, multiple DCIs within a same PMO or PMOs with the same starting time would be allowed for scheduling multiple slots of a higher SCS PDSCH. Then two issues about multiple DCIs within a same PMO or PMOs with the same starting time pointed out before would be discussed again.
· Issue 1: how dynamic HARQ-ACK codebook is generated if multiple DCIs within a same PMO or different PMO with the same starting time schedule multiple PDSCHs and indicate to feedback HARQ-ACK at the same slot if same PUCCH resource is indicated, as shown in Figure 7;
· Issue 2: how PUCCH resource is determined if multiple DCIs within a same PMO or different PMO with the same starting time schedule multiple PDSCHs and indicate to feedback HARQ-ACK at the same slot and different PUCCH resources are indicated by PUCCH resource indicator in these DCIs, as shown in Figure 8; This issue still exists if dynamic HARQ-ACK codebook is not configured.
HARQ dynamic codebook generation
Dynamic HARQ-ACK codebook generation is related to counter DAI value which is based on the ordering of PMO. And the ordering of PMO (i.e. PMO index) is based only on starting time of search space. For simplicity, the starting time of search space determining the PMO can be regarded as the starting time of PMO. The related descriptions in current specification are given below: 
PMO determination:
 “A UE determines a PDCCH monitoring occasion on an active DL BWP from the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot.” 
PMO index:

“The set of PDCCH monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release is defined as the union of PDCCH monitoring occasions across active DL BWPs of configured serving cells, ordered in ascending order of start time of the search space set associated with a PDCCH monitoring occasion. The cardinality of the set of PDCCH monitoring occasions defines a total number  of PDCCH monitoring occasions.” 
Counter DAI determination:


 “A value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with DCI format 1_0 or DCI format 1_1 is present, up to the current serving cell and current PDCCH monitoring occasion, first in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index , where . ”
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[bookmark: _Ref19630803]Figure 7 Dynamic HARQ-ACK codebook determination for multiple DCIs within PMOs at the same starting time
For example shown in Figure 7, when two DCIs are included in PMOs with the same starting time and indicate HARQ-ACK for two PDSCHs in the same PUCCH slot, there is ambiguity on PMO index which is used to derive counter DCI for UE generating HARQ-ACK bits for these two PDSCHs. 
Some options can be considered to resolve this: 
· Option 1-1: Further information except starting time to determine PMO index (i.e. the ordering of multiple DCIs).
· Option 1-2: Counter DAI in the case of multiple DCIs within PMOs at the same starting time is derived by network implementation and is used to order HARQ-ACK codebook bits for different PDSCHs.
For Option 1-1, PDCCH CCE index or CORESET ID can be used to identify different DCIs within a same PMO or PMOs with the same staring time. For Option 1-2, counter DAI may be used but its generation has different criteria in the case of data scheduling.  Counter DAI determination rule in current specification is used when only one DCI within PMO with different starting time but counter DAI is derived by network implementation when multiple DCIs within a same PMO or PMOs with the same staring time.

PUCCH resource determination
Furthermore, PMO index is also used to find last DCI for PUCCH determination. Based on current specification, HARQ-ACK PUCCH resource for multiple DCIs is determined by the PUCCH resource indication field of the “last DCI”, as given in TS 38.213 subclause 9.2.3:
“…detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes…”
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[bookmark: _Ref19629061]Figure 8 PUCCH resource determination for multiple DCIs within PMOs at the same start time
There is ambiguity on PMO index to determine the “last DCI” indicating the PUCCH resource if multiple DCIs are included in PMOs with the same starting time. 
Some options can also be considered to resolve this: 
· Option 2-1: further information except starting time to determine PMO index (i.e. the ordering of multiple DCIs).
· Option 2-2: the network shall indicate the same value for PUCCH resource indicator field of each DCI in the case of multiple DCIs within PMOs at the same starting time, such that UE can use either DCI to determine the PUCCH resource without difference.
For Option 2-1, same solution as dynamic HARQ-ACK codebook issue (Option 1-1) can be used. The solution of counter DAI (Option 1-2) cannot be used since counter DAI does not exists in DCI format 1_1 if dynamic HARQ-ACK codebook is not configured.
Given the analysis above, to have a simple common solution for the two issues, we propose:
Proposal 2: CCE index or CORESET ID is introduced to further determine the PMO index.

Conclusion
According to the above discussions, we have the following observation and proposal:
Observation 1: The rule of FG 3-5b can support multiple DCIs in one slot of lower SCS PDCCH scheduling multiple slots of a higher SCS PDSCH/PUSCH.
Proposal 1: For the case of a lower SCS PDCCH scheduling a higher SCS PDSCH (or PUSCH), supporting using M DCIs in one slot for PDCCH to schedule M respective PDSCH (or PUSCH) transmissions in N slots for PDSCH (or PUSCH)  can be based on R15 FG 3-5b(Alt 1c), where M=<N.
Proposal 2: CCE index or CORESET ID is introduced to further determine the PMO index.
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Appendix A. Related UE feature



	#
	Feature group
	Components
	Need of FR1/FR2 differentiation
	TSG-RAN decision

	3-1
	Basic DL control channel
	1) One configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2

- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
- TCI state(s) for a CORESET configuration

2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
- PDCCH aggregation levels 1, 2, 4, 8, 16


- UP to 3 search space sets in a slot for a scheduled SCell per BWP
This search space limit is before applying all dropping rules. 

- For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot

3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table

5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD

	N.A.
	Mandatory without capability signaling

	3-2

	PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
	- For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot  （Case 1-2）
	Applicable only to FR1
	Optional with capability signaling

	3-5
	For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2
	
	N.A.
	Optional with capability signaling

	3-5a
	For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a DCI gap
	For type 1 CSS with dedicated RRC configuration, type 3 CSS and UE-SS, monitoring occasion can be any OFDM symbol(s) of a slot for Case 2, with minimum time separation (including the cross-slot boundary case) between two DL unicast DCIs, between two UL unicast DCIs, or between a DL and an UL unicast DCI in different monitoring occasions where at least one of them is not the monitoring occasions of FG-3-1, for a same UE as
· 2OFDM symbols for 15kHz
· 4OFDM symbols for 30kHz
· 7OFDM symbols for 60kHz with NCP
· 11OFDM symbols for 120kHz
Up to one unicast DL DCI and up to one unicast UL DCI in a monitoring occasion except for the monitoring occasions of FG 3-1.
In addition for TDD the minimum separation between the first two UL unicast DCIs within the first 3 OFDM symbols of a slot can be zero OFDM symbols.

	N.A.
	Optional with capability signaling

	3-5b
	 All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
	PDCCH monitoring occasions of FG-3-1, plus additional  PDCCH monitoring occasion(s) can be any OFDM symbol(s) of a slot for Case 2, and for any two PDCCH monitoring occasions belonging to different spans, where at least one of them is not the monitoring occasions of FG-3-1, in same or different search spaces, there is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
The number of different start symbol indices of spans for all PDCCH monitoring occasions per slot, including PDCCH monitoring occasions of FG-3-1, is no more than floor(14/X) (X is minimum among values reported by UE).
The number of different start symbol indices of PDCCH monitoring occasions per slot including PDCCH monitoring occasions of FG-3-1, is no more than 7.
The number of different start symbol indices of PDCCH monitoring occasions per half-slot including PDCCH monitoring occasions of FG-3-1 is no more than 4 in SCell.

	N.A.
	Optional with capability signaling

Candidate value set for (X, Y):
{(7, 3), 
(4, 3) and (7, 3), 
(2, 2) and (4, 3) and (7, 3)}



Appendix B.  RAN1#96 conclusion for R15 HARQ-ACK codebook and PUCCH resource determination
Conclusion: 
· In Rel-15, a UE is not expected to detect two (or more) DCI formats (same or different) in PDCCHs received with a same first symbol in a slot and scheduling PDSCH reception(s) or SPS PDSCH release on a same cell and indicating a same slot for corresponding HARQ-ACK transmission. 
· No CR is necessary
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