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1   Background
As per the approved WF [1], the number of HARQ process for TDD-FDD CA are agreed, but still open for TDD-TDD CA with different SCSs:
· Number of HARQ process

	HARQ process number
	CCs with the same duplex mode & SCS with PCell
	CCs with the different duplex mode & SCS with PCell

	FDD 15 kHz + TDD 30 kHz CA
	FDD PCell
	4
	8

	
	TDD PCell
	8
	8

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	4
	4

	
	TDD PCell
	8
	8

	TDD 15 kHz + TDD 30 kHz CA
	15 kHz PCell
	8
	12 (Note 1)

	
	30 kHz PCell
	8
	Option 1: 6

Option 2: 8

	Note 1: FFS scheduling details:
· Option 1: different RTTs (10 or 20 slots) are used for different HARQ processes, and initial transmission and retransmission are scheduled on the same type of TDD slot.
· Option 2: initial transmission and retransmission can be scheduled on different types of TDD slot 


In this contribution, we further share our views on the specific number of HARQ process for TDD 15 kHz + TDD 30 kHz CA.

2   Discussion

2.1   NR CA with different numerology or different duplex mode
As per the further discussion during RAN4#94-e-Bis meeting, companies have common understanding that different assumptions are assumed for the different options of number of HARQ processes [2], i.e.
b) Whether initial transmission and retransmission are scheduled on the same type of TDD slot, i.e., DL slot or special slot?
If we check LTE CA test configurations, no matter TDD CA or TDD-FDD CA, Uplink-downlink configuration 1 with pattern “DSUUDDSUUS” and the following number of HARQ processes per CC for TDD CA, FDD CA and FDD-TDD CA are configured: 

Table 2.1-1: Number of HARQ processes for LTE CA normal PDSCH performance requirements

	LTE HARQ process number
	CCs with the same duplex mode & SCS with PCell
	CCs with the different duplex mode with PCell

	FDD 15 kHz CA
	FDD PCell
	8
	n.a.

	TDD 15 kHz CA
	TDD PCell
	7
	n.a.

	FDD 15 kHz + TDD 15 kHz CA
	FDD PCell
	8
	8

	
	TDD PCell
	7
	11


There are no any restrictions on the scheduling for initial transmission and retransmission for LTE CA performance requirements; For NR Rel-15 single carrier PDSCH performance requirements, 10 HARQ processes are agreed for FR1 TDD pattern of DS1S2U and FR2 TDD pattern of DDSU without scheduling restrictions on the initial and retransmission on the type of slots. Usually RAN4 specifies restrictions on the test configurations if some performance impacts to the real testing are observed, for example, the scheduling on the special slot for HST as discussed in HST WI. For NR normal CA PDSCH performance requirements, from our evaluations, we did not find any performance difference with/without such restriction, same evaluation results are also observed from [3] that there is no performance difference whether initial transmission and retransmission are scheduled on the same or different type of TDD slot, no HARQ performance degrade like some company concerned.
Proposal 1: No scheduling restriction should be imposed on the initial transmission and retransmission on the type of TDD slots.
c) Whether the UL symbols in special slot can be used for carrying PUCCH?

There is no clear agreement about this in last meeting, because it is also related to the K1 value discussion, we try to share our view again so that RAN4 can have common understanding about this part. As per [6], RAN4 agreed to use:

· PUCCH group
· one PUCCH group, i.e., A/N feedback on Pcell  with no UL CA 
· PUCCH format for A/N feedback
· use PUCCH format 1 for no more than 2 DL CCs, and use PUCCH format 3 for more than 2 DL CCs. 
As per TS 38.211:

Table 6.3.2.1-1: PUCCH formats.[TS 38.211]

	PUCCH format
	Length in OFDM symbols 
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	Number of bits

	0
	1 – 2
	≤2

	1
	4 – 14
	≤2

	2
	1 – 2
	>2

	3
	4 – 14
	>2

	4
	4 – 14
	>2


The least number of OFDM symbols of PUCCH for HARQ-ACK is 4, i.e. the UL symbols in special slot for TDD pattern “DDDSU” with S=10:2:2 for TDD 15kHz SCS cannot be used; For other TDD pattern, such as “7D1S2U” with S=6:4:4 for TDD 30kHz SCS, it is better not use the special slot for HARQ-ACK feedback considering the possible larger number of aggregated CCs for NR CA to ensure future proof, also keep aligned assumptions between different TDD patterns and aligned with NR single carrier performance assumptions. 
Proposal 2: Not use UL symbols in special slot for HARQ-ACK feedback in PUCCH.
For the number of HARQ process for 15kHz SCell under TDD 15kHz + TDD 30kHz CA, two options of 6 and 8 are on table.

2.1.1   TDD 30kHz SCS PCell + TDD 15kHz SCS SCell
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Figure 2.1.1-1: HARQ timing for TDD-TDD CA with TDD 30kHz SCS PCell + TDD 15kHz SCS SCell
Observation 1: From the Figure 2.1.1-1 shown above, 6 HARQ processes are feasible for SCell TDD 15kHz SCS. 

We compare our analysis with other company’s and try to figure out the different assumptions for 6 and 8 HARQ processes proposals:
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	Figure 8. SCell HARQ timing for PCell TDD 30kHz + SCell TDD 15kHz [R4-2000359, Intel]


Similar logic in Figure 2.1.1-1 above and Figure 8 from R4-2000359.
Observation 2: From the Figure 8 from R4-2000359 shown above, 6 HARQ processes for SCell TDD 15kHz are analysed.
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	Figure 2‑2: HARQ timelines for TDD 30kHz + TDD 15kHz CA [R4-2001419, Qualcomm]


Observation 3: From Figure 2-2 from R4-2001419 shown above, 6 HARQ processes for SCell TDD 15kHz are analyzed.
In summary, from the analysis from different companies, 6 HARQ processes are feasible for SCell TDD 15kHz for TDD 30kHz + 15kHz CA.

Proposal 3: Adopt 6 HARQ processes for SCell TDD 15kHz for TDD 30kHz + 15kHz CA with TDD 30kHz PCell.
By taking into account the analysis in our companion contribution R4-2003717, we propose the following number of HARQ processes and corresponding K1 value:

Proposal 4: Use the following number of HARQ process and K1 values for CA with different duplex mode or mixed numerology
Table 2.1-2: Number of HARQ process and K1 value for CA with different duplex mode or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}


3   Proposals
In this contribution, we further share our views about the number of HARQ process and K1 value for NR CA normal PDSCH performance requirements, and our observations and proposals are:
Observation 1: From the Figure 2.1.1-1 shown above, 6 HARQ processes are feasible for SCell TDD 15kHz SCS. 

Observation 2: From the Figure 8 from R4-2000359 shown above, 6 HARQ processes for SCell TDD 15kHz are analysed.
Observation 3: From Figure 2-2 from R4-2001419 shown above, 6 HARQ processes for SCell TDD 15kHz are analyzed.
Proposal 1: No scheduling restriction should be imposed on the initial transmission and retransmission on the type of TDD slots.
Proposal 2: Not use UL symbols in special slot for HARQ-ACK feedback in PUCCH.
Proposal 3: Adopt 6 HARQ processes for SCell TDD 15kHz for TDD 30kHz + 15kHz CA with TDD 30kHz PCell.

Proposal 4: Use the following number of HARQ process and K1 values for CA with different duplex mode or mixed numerology:
Table 2.1-2: Number of HARQ process and K1 value for CA with different duplex mode or mixed numerology
	Scenario
	PCell
	Number of HARQ process for PCell
	K1 for PCell
	SCell
	Number of HARQ process for SCell
	K1 for SCell

	FDD 15kHz SCS + TDD 30kHz SCS
	FDD 15kHz
	4
	2
	TDD 30kHz
	8
	{2}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	FDD 15kHz
	8
	{7,6,4,11,9,7,6,4}

	FDD 15kHz SCS + TDD 15kHz SCS
	FDD 15kHz
	4
	{2}
	TDD 15kHz
	4
	{2}

	
	TDD 15kHz
	8
	{4,3,2,6,5}
	FDD 15kHz
	8
	{4,3,2,6}

	TDD 15kHz SCS + TDD 30kHz SCS
	TDD 15kHz
	8
	{4,3,2,6}
	TDD 30kHz
	12
	{4,4,3,3,2,2,6,6}

	
	TDD 30kHz
	8
	{8,7,6,5,5,4,3,2}
	TDD 15kHz
	6
	{7,5,4,11}
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