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Up to Rel-16, the maximal supported HARQ process number for both UL and DL is 16. In Rel-17 NTN, up to 32 HARQ process numbers are introduced to accommodate the long RTT duration, while the feature is only limited to NTN satellite bands and HAPS operation bands. 
	max-HARQ-ProcessNumber-r17
Indicates the maximal supported HARQ process numbers for UL and for DL respectively. For each value of max-HARQ-ProcessNumber-r17, value u16d32 indicates the maximal supported HARQ process number is 16 for UL and 32 for DL, value u32d16 indicates the maximal supported HARQ process number is 32 for UL and 16 for DL, value u32d32 indicates the maximal supported HARQ process number is 32 for UL and 32 for DL. This field is only applicable for bands in Table 5.2.2-1 in TS 38.101-5 [34] and HAPS operation bands in clause 5.2 of TS 38.104 [35].
	Band
	No
	N/A
	N/A


In addition, 32 HARQ processes are also supported for 120kHz/480kHz/960kHz SCS for FR2-2 in Rel-17. A UE can also report up to 32 DL/UL cells that can be configured with 32 HARQ process numbers in CA scenario.  
	support32-DL-HARQ-ProcessPerSCS-r17
Indicates whether the UE supports 32 HARQ processes in DL for each SCS in FR2-2 (i.e. SCS 120kHz/480kHz/960kHz).

A UE supporting 32 HARQ processes for 480/960 kHz SCS for DL shall support 32 as the maximum number of HARQ processes for 120 kHz SCS for DL in FR2-2. UE indicating support of this feature shall indicate support of dl-FR2-2-SCS-120kHz-r17.
	Band
	No
	N/A
	N/A

	support32-UL-HARQ-ProcessPerSCS-r17
Indicates whether the UE supports 32 HARQ processes in UL for each SCS in FR2-2 (i.e. SCS 120kHz/480kHz/960kHz).

A UE supporting 32 HARQ processes for 480/960 kHz SCS for UL shall support 32 as the maximum number of HARQ processes for 120 kHz SCS for UL in FR2-2. UE indicating support of this feature shall indicate support of dl-FR2-2-SCS-120kHz-r17.
	Band
	No
	N/A
	N/A

	maxCC-32-DL-HARQ-ProcessFR2-2-r17
Indicates the maximum number of component carriers that can be configured with 32 DL HARQ processes. Value n1 means 1 DL HARQ process, value n2 means 2 DL HARQ processes, and so on.

UE supporting this feature shall indicate support of support32-DL-HARQ-ProcessPerSCS-r17.
	BC
	No
	NA
	NA

	maxCC-32-UL-HARQ-ProcessFR2-2-r17
Indicates the maximum number of component carriers that can be configured with 32 UL HARQ processes. Value n1 means 1 UL HARQ process, value n2 means 2 UL HARQ processes, and so on.

UE supporting this feature shall indicate support of support32-UL-HARQ-ProcessPerSCS-r17.
	BC
	No
	NA
	NA


Furthermore, up to 32 HARQ process numbers are also introduced for Rel-18 ATG with the following UE feature as agreed in RAN1#116bis. The feature is only limited to ATG operation bands.
	56. NR_ATG
	56-3
	Increasing the number of HARQ processes
	The maximal supported HARQ process number is X for UL and Y for DL
	 
	Yes
	N/A
	If UE does not support this feature, the HARQ process is number is limited. 
	Per UE
	No
	FR1 only
	N/A
	Candidate component values for (X,Y): {(16,32),(32,16),(32,32)}
 
Note: This UE feature group is applicable only for bands defined in Section 5.2J in TS 38.101-1


It is observed that the RTT duration is also very large in some FR1-FR2 TDD CA scenarios for TN. But the maximal supported HARQ process numbers is still kept as 16 according to existing specification. It is noted that the FR2 carrier in FR1-FR2 CA scenario in this contribution means a FR2-1 carrier. 
In this contribution, we propose to increase the maximal supported HARQ process numbers for TN in FR1 and FR2-1. 
Discussion
Problem statement: FR1 TDD PCell (30kHz) + FR2 TDD SCell (120kHz)
For deployment scenario with FR1 TDD PCell + FR2 TDD SCell as shown in Figure 1, the DL performance for a cell-edge UE in FR2 SCell would be impacted by the coverage of the corresponding HARQ-ACK feedback. To ensure the UL coverage of HARQ-ACK for FR2 SCell, one typical way is to configure only one PUCCH cell group to allow HARQ-ACK of FR2 SCell is transmitted in PCell. In the appendix, we provide more analysis on the motivation of configuring one PUCCH group.
[image: ]
Figure 1: Deployment scenario with FR1 TDD PCell + FR2 TDD SCell
In the context of above deployment scenario, Figure 2 shows a typical FR1-FR2 TDD CA configuration, where PCell and SCell are configured with frame structure ‘DDDDDDDSUU’ and ‘DDDSU’ respectively. As it is shown, the HARQ-ACK corresponds to the PDSCH transmission in the slots highlighted by yellow/blue (29 D/S slots in total) is transmitted in slot U18 or U19. Then, at least 29 HARQ process number are needed based on the following scheduling restriction in TS 38.214. If only a maximum of 16 HARQ process numbers is supported, the FR2 DL peak rate for a UE will be reduced by almost 50%. 
	TS 38.214 Clause 5.1
The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6].


[image: ]
Figure 2: FR1-FR2 TDD-TDD CA deployment scenario #1, PCell and SCell with TDD configuration of ‘DDDDDDDSUU’ and ‘DDDSU’ respectively
Observation 1: In the FR1-FR2 TDD-TDD CA scenario with PCell and SCell configured with frame structure ‘DDDDDDDSUU’ and ‘DDDSU’ respectively, at least 29 HARQ process number are needed, and the FR2 DL peak data rate for a UE will be reduced by almost 50% if only a maximum of 16 HARQ process numbers is supported.  
Another deployment scenario of FR1-FR2 TDD CA is shown in Figure 3. Assuming the assigned HARQ-ACK timing k1 is based on PDSCH processing capability 1, at least 19 HARQ process number is needed. 
[image: ]
Figure 3: FR1-FR2 TDD-TDD CA deployment scenario #2, PCell and SCell with TDD configuration of ‘DDDSU’ 
Observation 2: In the FR1-FR2 TDD-TDD CA scenario with PCell and SCell configured with frame structure ‘DDDSU’, at least 19 HARQ process number are needed. 
In the above scenarios, only the HARQ-ACK feedback latency is considered. However, the RTT also includes the additional processing time at gNB side between HARQ-ACK feedback and another PDSCH transmission. The additional processing time may include PUCCH processing time and other latency (e.g., interaction latency between different cells). Therefore, more HARQ process numbers are actually needed in above scenarios. In another aspect, even for FR1-FR2 TDD-TDD CA scenario with FR1 PCell configured with more UL slots, e.g., frame structure ‘DDDSUDDSUU, the HARQ process numbers may also be limited in practice.  
[image: ]
Figure 4: HARQ processing in one RTT
Observation 3: More HARQ process numbers are actually needed in one complete RTT duration with taking the processing time at gNB side into account. 
UE implementation impact
As mentioned above, a maximum of 32 HARQ processes has already been supported for 120kHz/480kHz/960kHz SCS of FR2-2 in Rel-17 FGs 24-8/24-8b/24-9/24-9b and extended to CA scenario. Compared to the UE capabilities defined for FR2-2, we haven’t identified any additional UE complexity required. Instead, supporting a maximum of 32 HARQ processes in FR1/FR2-1 may require less UE capability in terms of the HARQ buffer refreshing frequency.
Observation 4: Supporting a maximum of 32 HARQ processes in FR1/FR2-1 does not require additional UE complexity compared to Rel-17 FGs 24-8/24-8b/24-9/24-9b defined for FR2-2. 
Proposed solution:
With above, one straightforward solution is to extend the NTN/ATG/FR2-2 feature to all bands in FR1 and FR2-1. This requires new UE capabilities and corresponding new RRC parameters. Therefore, we have the following proposal.  
Proposal 1: Support a maximum of 32 HARQ process numbers for TN in FR1 and FR2-1.
· Introduce new UE capabilities, by extending the Rel-17 UE FGs 24-8/24-8b/24-9/24-9b defined for FR2-2 to FR1 and FR2-1.
· Introduce new RRC parameters, harq-ProcessNumberSizeDCI-0-1-Ext-r18, harq-ProcessNumberSizeDCI-1-1-Ext-r18, harq-ProcessNumberSizeDCI-0-2-Ext-r18, harq-ProcessNumberSizeDCI-1-2-Ext-r18. 
· Note: Above applies since Rel-18. 

With above proposal, the RAN1 specification impact is very minor. A draft CR is attached in Appendix-2. 
Conclusion
In this contribution, we have the following observations and proposal for the issue for FR1-FR2 TDD CA.
Observation 1: In the FR1-FR2 TDD-TDD CA scenario with PCell and SCell configured with frame structure ‘DDDDDDDSUU’ and ‘DDDSU’ respectively, at least 29 HARQ process number are needed, and the FR2 DL peak data rate for a UE will be reduced by almost 50% if only a maximum of 16 HARQ process numbers is supported.  
Observation 2: In the FR1-FR2 TDD-TDD CA scenario with PCell and SCell configured with frame structure ‘DDDSU’, at least 19 HARQ process number are needed. 
Observation 3: More HARQ process numbers are actually needed in one complete RTT duration with taking the processing time at gNB side into account. 
Observation 4: Supporting a maximum of 32 HARQ processes in FR1/FR2-1 does not require additional UE complexity compared to Rel-17 FGs 24-8/24-8b/24-9/24-9b defined for FR2-2. 
Proposal 1: Support a maximum of 32 HARQ process numbers for TN in FR1 and FR2-1.
· Introduce new UE capabilities, by extending the Rel-17 UE FGs 24-8/24-8b/24-9/24-9b defined for FR2-2 to FR1 and FR2-1.
· Introduce new RRC parameters, harq-ProcessNumberSizeDCI-0-1-Ext-r18, harq-ProcessNumberSizeDCI-1-1-Ext-r18, harq-ProcessNumberSizeDCI-0-2-Ext-r18, harq-ProcessNumberSizeDCI-1-2-Ext-r18. 
· Note: Above applies since Rel-18. 
Appendix-1 Motivation of configuring one PUCCH group for FR1-FR2 CA
Based on coverage evaluation in TR 38.830, the MPL of FR2 PDSCH at 28 GHz is 120.56 dB, which generally aligns with that of FR1 PUCCH Format 3 with 11 bits at 2.6 GHz (MPL = 121.56 dB). If one PUCCH cell group is configured to allow HARQ-ACK of FR2 SCell is transmitted in PCell, the DL coverage of Scell would not be impacted by the HARQ-ACK coverage. 
Table 5.1.1.2-3: Representative values of MPL for Urban 2.6GHz TDD scenario 
	Channels (and Frame format)
	Number of Samples
	Representative value
	Standard Deviation (w/o outlier)
	Gap from Deployment dependent target
400m ISD=114.2dB
	Gap from Deployment dependent target
500m ISD=118.0dB

	PUCCH Format 1
	6
	123.65
	1.26
	9.43
	5.64

	PUCCH Format 3 11bit
	6
	121.56
	1.17
	7.34
	3.55

	PUCCH Format 3 22bit
	6
	119.94
	1.55
	5.72
	1.93

	PDSCH for eMBB DDDDDDDSUU
	7
	133.90
	1.28
	19.68
	15.89


Table 5.2.1.1-3: Representative values of MPL for Urban 28GHz TDD NLOS O2I scenario for UE Tx power of 12dBm.
	Channels (and Frame format)
	Number of Samples
	Representative value
	Standard Deviation (w/o outlier)
	Gap from 200m ISD requirement (123.1dB)

	PUCCH Format 1
	7
	105.94
	2.05
	-17.16

	PUCCH Format 3 11bits
	7
	105.62
	2.11
	-17.48

	PUCCH Format 3 22bits
	7
	102.78
	1.99
	-20.32

	PDSCH eMBB DDDSU
	9
	120.56
	7.31
	-2.54


However, if two PUCCH cell groups are configured and the HARQ-ACK of FR2 SCell is transmitted in the SCell, the MPL of FR2 PUCCH is 105.62 dB, which is much lower than the FR2 PDSCH coverage. It means the FR2 DL coverage would be reduced by ~15 dB due to the limitation of HARQ-ACK coverage. Even if PUCCH repetition is applied, it is not able to compensate the coverage gap. Furthermore, it is observed that the candidate HARQ-ACK timing values k1 would not be sufficient due to the following spec restrictions. 
	TS 38.213 Clause 9.2.6
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority, the UE determines an earliest first PUCCH in a slot with the order of earliest starting symbol followed by longest duration and the second PUCCHs overlapping with the earliest first PUCCH, and then performs the following
-	the UE does not expect more than one PUCCH from the first PUCCH and the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if more than one PUCCH from the first PUCCH and the second PUCCHs include a UCI type with the same highest priority, the UE transmits the PUCCH with the highest priority starting at an earliest slot and does not transmit the other PUCCHs, otherwise,
-	the UE transmits the PUCCH that includes the UCI type with the highest priority and does not transmit the PUCCHs that include the UCI type with lower priority 
The UE repeats the above procedure until there is no PUCCH overlapping with any PUCCH with repetitions in the slot.


An example is shown in Figure A1 with 4 PUCCH repetitions, where PCell and SCell are configured with frame structure ‘DDDDDDDSUU’ and ‘DDDSU’ respectively. As it is shown, the HARQ-ACK corresponds to the PDSCH transmission in the slots within the red dashed box (16 D/S slots in total) is transmitted in slots within the blue dashed box (4 PUCCH repetitions transmitted in 4 U slots). Then, 16 k1 values are needed, while this is not supported by current specification. It is noted that, the UL slots (U19, U24, U29, U34) would be used for HARQ-ACK transmission corresponds to the PDSCH in DL slots before the red dashed box.  
If more PUCCH repetitions are used, more k1 values are needed. It is also noted that, even if the set of k1 values can be increased, it would also require more HARQ process numbers as PUCCH repetition would enlarge the RTT duration. 
[image: ]
Figure A1: A total of 16 k1 values are needed in case Pcell and Scell with TDD configuration of ‘DDDDDDDSUU’ and ‘DDDSU’ respectively and PUCCH with 4 repetitions. 

Appendix-2 Draft CR on TS 38.212
	[bookmark: _Toc146188105][bookmark: _Toc156204740]7.3.1.1.2	Format 0_1
<Unchanged parts are omitted>
-	HARQ process number - 5 bits if higher layer parameter harq-ProcessNumberSizeDCI-0-1 or harq-ProcessNumberSizeDCI-0-1-Ext-r18 is configured; otherwise 4 bits
<Unchanged parts are omitted>
[bookmark: _Toc146188106][bookmark: _Toc156204741]7.3.1.1.3	Format 0_2
<Unchanged parts are omitted>
-	HARQ process number - number of bits determined by the following:
-	5 bits determined by higher layer parameter harq-ProcessNumberSizeDCI-0-2-v1700 or harq-ProcessNumberSizeDCI-0-2-Ext-r18 if configured;
-	otherwise 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeDCI-0-2
<Unchanged parts are omitted>
7.3.1.2.2	Format 1_1
<Unchanged parts are omitted>
[bookmark: OLE_LINK29]-	HARQ process number - 5 bits if higher layer parameter harq-ProcessNumberSizeDCI-1-1 or harq-ProcessNumberSizeDCI-1-1-Ext-r18 is configured; otherwise 4 bits
<Unchanged parts are omitted>
7.3.1.2.3	Format 1_2
<Unchanged parts are omitted>
-	HARQ process number - number of bits determined by the following:
-	0, 1, 2, 3, 4 or 5 bits determined by higher layer parameter harq-ProcessNumberSizeDCI-1-2-v1700 or harq-ProcessNumberSizeDCI-1-2-Ext-r18 if configured;
-	otherwise 0, 1, 2, 3 or 4 bits determined by higher layer parameter harq-ProcessNumberSizeDCI-1-2
<Unchanged parts are omitted>
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