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Introduction
This document discusses the remaining issues on physical downlink control channel. It contains following topics.
- The limit of BDs/CCEs for CA 
- Padding bits handling in DCI
- Repetition of Msg 3
- Inconsistent PDCCH detection

Discussion
The limit of BDs/CCEs for CA
Background
In RAN1#93, the limit of BDs/CCEs for self-scheduling was agreed (including working assumption) [1]. Table 1 shows the summary of the limit of BDs/CCEs. Where T denotes the number of DL-CCs (1, ..., 16), y denotes UE BD capability (4, ..., 16). Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for the numerology i, respectively. Xi denotes the number of DL-CCs with the numerology i. 
[bookmark: _Ref489978877]Table 1 Summary of the limit of BDs/CCEs
	
	
	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 number of DL-CCs is more than 4 and with up to T DL-CCs where the UE reports BD capability of y < T

	Self-scheduling
	Same numerology
	For each CC, (Mi or Ni)
	(Mi or Ni) * y

	
	Different numerology
	For each CC, (Mi or Ni)
	WA: Floor{Xi / (X0 + X1 + X2 + X3) * (Mi or Ni) * y} 

	Cross-carrier scheduling
	Same numerology
	For scheduling CC, 
(the number of CCs schedulable by the scheduling CC) * (Mi or Ni) 
	Not agreed       ... Case A

	
	Different numerology 
	Not agreed       ... Case B
	Not agreed       ... Case C



To complete specification, the limit of BDs/CCEs for cross-carrier scheduling (Case A, B, and C) should be concluded.

Perspective from processing time
The processing time requirement for different numerologies was agreed. It is based on lower SCS between scheduling and scheduled carrier as follows. In the following requirement, in order to have largest Tproc,1 or Tproc,2, lower SCS is selected.
UE PDSCH processing procedure time (TS38.214[2], section 5.3)
	
[bookmark: _Hlk508187268][bookmark: _Hlk500865557]If the first uplink symbol of the physical channel which carries the HARQ-ACK information, as defined by the assigned HARQ-ACK timing K1 and the PUSCH or PUCCH resource to be used and including the effect of the timing advance, starts no earlier than at symbol L1 then the UE shall provide a valid HARQ-ACK message, where L1 is defined as the next uplink symbol with its CP starting after  after the end of the last symbol of the PDSCH carrying the TB being acknowledged. 
-	N1 is based on µ of table 5.3-1 and table 5.3-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µPDCCH, µPDSCH, µUL) resulting with the largest Tproc,1, where the µPDCCH corresponds to the subcarrier spacing of the PDCCH scheduling the PDSCH, the µPDSCH corresponds to the subcarrier spacing of the scheduled PDSCH, and µUL corresponds to the subcarrier spacing of the uplink channel with which the HARQ-ACK is to be transmitted, and κ is defined in subclause 4.41 of [4, TS 38.211].



UE PUSCH preparation procedure time (TS38.214[2], section 6.3)
	
[bookmark: _Hlk496824026]If the first uplink symbol in the PUSCH allocation, including the DM-RS, as defined by the slot offset K2 and the start and length indicator SLIV of the scheduling DCI, is no earlier than at symbol L2 then the UE shall transmit PUSCH where L2 is defined as the next uplink symbol with its CP starting after the end of the last symbol of the PDCCH carrying the DCI scheduling the PUSCH, where 
-	N2 is based on µ of Table 6.4-1 and Table 6.4-2 for UE processing capability 1 and 2 respectively, where µ corresponds to the one of (µDL, µUL) resulting with the largest Tproc,2,  where the µDL corresponds to the subcarrier spacing of the downlink with which the PDCCH carrying the DCI scheduling the PUSCH was transmitted and µUL corresponds to the subcarrier spacing of the uplink channel with which the PUSCH is to be transmitted, and κ is defined in subclause 4.1 of [4, TS 38.211].



These processing times include PDCCH processing time. If the limit of BDs/CCEs is determined based on higher SCS, these processing time cannot be fulfilled because higher SCS needs to process more BDs/CCEs than lower SCS as Table 2 and Table 3. In addition, how PDCCH and PDSCH processing time is shared is up to UE design. Therefore, the limit of BDs/CCEs should be determined based on the lowest SCS among CCs schedulable by the scheduling CC.
[bookmark: _Ref521411559]Table 2 Non-CA limit of BDs
	SCS
	Maximum number of monitored PDCCH candidates per serving cell

	15 kHz
	44 BDs/slot ( 44 BDs/ms)

	30 kHz
	36 BDs/slot ( 72 BDs/ms)

	60 kHz
	22 BDs/slot ( 88 BDs/ms)

	120 kHz
	20 BDs/slot (160 BDs/ms)


[bookmark: _Ref521411561]Table 3 Non-CA limit of CCEs
	SCS
	Maximum number of non-overlapped CCEs per serving cell

	15 kHz
	56 CCEs/slot ( 56 CCEs/ms)

	30 kHz
	56 CCEs/slot (112 CCEs/ms)

	60 kHz
	48 CCEs/slot (192 CCEs/ms)

	120 kHz
	32 CCEs/slot (256 CCEs/ms)




Possible solution
According to processing time perspective, the limit of BDs/CCEs is determined based on the lowest SCS for different numerology case. The slot length itself is also different among different numerologies and it should be based on the lowest SCS. Therefore, possible solution for each case including same numerology can be considered as follows.

Case A (Cross-carrier scheduling with same numerology, 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 of the scheduling CC per slot is Floor{Xc / T * (Mi or Ni) * y}
· Xc denotes the number of CCs schedulable by the scheduling CC c. 
· Mi and Ni denote the number of BDs and CCEs per slot specified for non-CA case for the numerology i, respectively.
· Slot length to apply the limit of BDs/CCEs is aligned with numerology i.
Table 4 shows examples of the limit of BDs.
[bookmark: _Ref521403866][bookmark: _Ref521403561]Table 4 Example of the limit of BDs for Case A
	
	Example 1:
Scheduling CC: 15kHz, 1CC
Scheduled CC: 15kHz, 5CCs
y = 4 
	Example 2:
Scheduling CC: 30kHz, 1CC
Scheduled CC: 30kHz, 5CCs
y = 4 

	The limit of BDs
	176 BDs/1ms
(Floor{6/6 * 44BDs/1ms * 4})
	144 BDs/0.5ms
(Floor{6/6 * 36BDs0.5ms * 4})



Case B (Cross-carrier scheduling with different numerologies, 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 of the each numerology is {Xc * (Mminc or Nminc)}
· Meaning of Xc is the same as Case A.
· Mminc and Nminc denote the number of BDs and CCEs per slot specified for non-CA case for the lowest SCS among CCs schedulable by the scheduling CC c, respectively. 
· Slot length to apply the limit of BDs/CCEs is aligned with the lowest SCS among CCs schedulable by the scheduling CC c.
Table 5 shows examples of the limit of BDs.
[bookmark: _Ref521403846]Table 5 Example of the limit of BDs for Case B
	
	Example 1:
Scheduling CC: 15kHz, 1CC
Scheduled CC: 30kHz, 2CCs
	Example 2:
Scheduling CC: 30kHz, 1CC
Scheduled CC: 15kHz, 2CCs

	The limit of BDs
	132 BDs/1ms
(3CCs * 44BDs/1ms)
	132 BDs/1ms
(3CCs * 44BDs/1ms)



Case C (Cross-carrier scheduling with different numerologies, 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 of the scheduling CC per slot of the each numerology is Floor{Xc / T * (Mminc or Nminc) * y}
· Meanings of Xc, Mminc and Nminc are the same as Case B.
· Slot length to apply the limit of BDs/CCEs is aligned with the lowest SCS among CCs schedulable by the scheduling CC c.
Table 6 shows examples of the limit of BDs.
[bookmark: _Ref521404025]Table 6 Example of the limit of BDs for Case C
	
	Example 1:
Scheduling CC: 15kHz, 1CC
Scheduled CC: 30kHz, 5CCs
y = 4
	Example 2:
Scheduling CC: 30kHz, 1CC
Scheduled CC: 15kHz, 5CCs
y = 4

	The limit of BDs
	176 BDs/1ms
(Floor{(6/6 * 44BDs/1ms * 4})
	176 BDs/1ms
(Floor{6/6 * 44BDs/1ms * 4})



Proposal 1: For cross-carrier scheduling with mixed numerology, the number limit of BDs/CCEs and the slot length are determined based on the lowest SCS among CCs schedulable by the scheduling CC.


Padding bits handling in DCI
In order to align DCI size, some padding bits are used but how these padding bits are handled are not concluded. For Release 16 URLLC, BLER 1E-6 operation is required. If no specific implementation is taken into account, false alarm rate of 24 bits CRC with 44 BD is 2.62E-6 (= 44* (1/2)24), which is higher than 1E-6. In order to have forward compatibility especially cell/group common RNTIs, to have 2 or 3 bits used for virtual CRC can be beneficial as cell/group common RNTIs often have many padding bits. Then the remaining bits can be used for "reserved", i.e. UE shall discard bits for these fields. In case RNTI with only certain fields are used, the remaining bits should be reserved. This allows multiple UEs or multiple usages can share the same DCI. In case of UE specific RNTI, the all padding bits should be reserved. Although TC-RNTI is categorized as common RNTI, the actual assignment is for individual UE who has TC-RNTI. Therefore, same as C-RNTI is applied. Based on the discussion, we propose following. 
Proposal 2: Following padding bits handling should be used.
C-RNTI, CS-RNTI, SP-CSI-RNTI, new-RNTI, TC-RNTI
All padding bits are fixed value like "0".
SI-RNTI, RA-RNTI, TC-RNTI, P-RNTI
2 or 3 bits are fixed value like "0". In future release, other than "0" can be used.
The remaining padding bits are reserved i.e. UE shall discard padding bits.
INT-RNTI, SFI-RNTI, TPC-PUCCH/PUSCH/SRS-RNTI
2 or 3 bits are fixed value like "0". In future release, other than "0" can be used.
The remaining padding bits are reserved i.e. UE shall discard padding bits.

Repetition of Msg 3
Although Msg3 supports HARQ by retransmission, in order to operate Msg3 retransmission, gNB needs to identify Msg3 was transmitted by UE as just request retransmission does not meaningful when UE missed Msg2 and UE didn't send Msg3. This requires power detection of Msg3 transmission from UE at gNB. On the other hand, such power detection can require higher SINR than the PUSCH decoding. Therefore, depending on the performance of Msg3 detection, HARQ retransmission of Msg3 does not work. The scaling of Ninfo is not helpful in UL as UE already increased PSD corresponding to the transmission width. In order to resolve this situation, we propose to support Msg3 repetition. In order to avoid ASN1.1 impact, DCI with RA-RNTI can contain 2 bits field and this field indicates to have the repetition of 1, 2, 4 or 8 slots. The repetition is applied to all Msg3 transmission indicated by the PDSCH it can contain multiple Msg2. In UE feature list [3], "PUSCH repetitions over multiple slots" is mandatory with capability signaling . In order to support Msg3 repetition, this feature should be "mandatory without capability signalling".
Proposal 3: Msg3 repetition is supported and controlled by DCI with RA-RNTI.

Inconsistent PDCCH detection 
In LTE 36.213 specification, following is specified. 
	[bookmark: _Toc415085514]9.3	PDCCH/EPDCCH/MPDCCH control information procedure
A UE shall discard the PDCCH/EPDCCH/MPDCCH if consistent control information is not detected. 


The condition of "consistent control information" is not explicitly defined but exact interpretation is up to UE manufacture. The more exact consistency check means to reduce the false detection and more coarse check means less processing requirement.
We propose the similar text should be captured in TS38.213. It includes at least following cases but, similar to LTE, the exact interpretation is up to UE manufacture. 
- frequency resource indication field with defined bit pattern
- the reserved MCS value before the successful reception of the initial PDCCH
- partial TB indication before the reception of full TB in case of CBG
- and so on

Proposal 4: To capture following text in TS38.213.
A UE shall discard the PDCCH if consistent control information is not detected. 


Conclusion
We discussed the remaining issues on physical downlink control channel. We propose following. 
Proposal 1: For cross-carrier scheduling with mixed numerology, the number limit of BDs/CCEs and the slot length are determined based on the lowest SCS among CCs schedulable by the scheduling CC.
Proposal 2: Following padding bits handling should be used.
C-RNTI, CS-RNTI, SP-CSI-RNTI, new-RNTI, TC-RNTI
All padding bits are fixed value like "0".
SI-RNTI, RA-RNTI, TC-RNTI, P-RNTI
2 or 3 bits are fixed value like "0". In future release, other than "0" can be used.
The remaining padding bits are reserved i.e. UE shall discard padding bits.
INT-RNTI, SFI-RNTI, TPC-PUCCH/PUSCH/SRS-RNTI
2 or 3 bits are fixed value like "0". In future release, other than "0" can be used.
The remaining padding bits are reserved i.e. UE shall discard padding bits.

Proposal 3: Msg3 repetition is supported and controlled by DCI with RA-RNTI.
Proposal 4: To capture following text in TS38.213.
A UE shall discard the PDCCH if consistent control information is not detected. 
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