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Discussion
[bookmark: _GoBack]For NTN/HAPS/ATG operation, a maximal number of HARQ process numbers of 32 has already been supported for both DL and UL due to long RTT duration. As elaborated by the proponents in [1], the RTT duration is also very large in some FR1-FR2 CA scenarios, while the maximal number of HARQ process numbers is still 16. It results in limited DL data rate for the transmission in FR2, which is supposed to provide a higher data rate at first. This has been jeopardizing FR2 deployment, and is proposed to be addressed from an earlier release to meet the market demand. 
Below are the two example scenarios, illustrating why the HARQ process numbers are not sufficient for TN. It is noted that, to ensure the UL coverage of HARQ-ACK for FR2 SCell, one PUCCH group is assumed. More reasons to use one PUCCH group in practice are shown in the appendix of [1].
Scenario#1: FR1-FR2 TDD-TDD CA
As it is shown in Figure 1, the HARQ-ACK corresponding to the PDSCH transmission in the slots highlighted by yellow or blue (29 D/S slots in total) is transmitted in slot U18 or U19. Then, at least 29 HARQ process numbers are needed based on the following scheduling restriction in TS 38.214. If additionally considering the transmission time of PUCCH and the processing time at gNB side, more HARQ process number are needed. If only a maximum of 16 HARQ process numbers is supported, half of the DL slots cannot be scheduled to a UE so that the FR2 DL peak rate will be reduced by ~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].
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Figure 1: FR1-FR2 TDD-TDD CA deployment scenario, PCell and SCell with TDD configuration of ‘DDDDDDDSUU’ and ‘DDDSU’ respectively
It is noted that, 16 HARQ process numbers may also be insufficient for FR1-FR2 TDD-TDD CA with other typical TDD configurations. 
Scenario#2: FR1-FR2 FDD-TDD CA
For FR1-FR2 FDD-TDD CA, 16 HARQ process numbers are also not sufficient, with considering the the transmission time of PUCCH and the processing time at gNB side. An example is shown in Figure 2 below. 
[image: ]
Figure 2: FR1-FR2 FDD-TDD CA deployment scenario, PCell is an FDD cell in FR1 and Scell is a TDD cell in FR2 with TDD configuration of ‘DDDSU’. 

First Round

Q1: Do you agree with that, with a maximal of 16 HARQ process numbers under existing scheduling restriction, PDSCH cannot be scheduled to a UE in a large portion of DL/S slots in FR2 Scell for FR1-FR2 CA, as the examples shown in Figure 1 and Figure 2? 

	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].



	Company
	Inputs

	Qualcomm
	Under the specific TDD configurations, and assuming single PUCCH group in FR1, we agree.  

	ZTE
	Agree. The issue happens in typical scenarios, and the TDD configurations in above examples are the existing TDD configurations used by operators in the real deployment. 

	China Telecom
	Agree. We think the illustrations show the exact potential issue for a typical scenario, which needs to be addressed.

	Apple
	The figure is correct. On the other hand, the number of addressable DL slots depends on the TDD configuration on FR1. More DL slots can be utilized by simply using a symetric TDD UL/DL configuration, even assuming same DL/UL ration within 5ms. 

	MTK
	Agree

	CATT
	Agree. This is not an artificial TDD configuration but a real deployment and the issue exists in this case.

	Huawei, HiSilicon
	Agree

	CMCC
	Agree. We think FR1-FR2 TDD-TDD CA deployment scenario is an important scenario.



Q2: Do you support to increase the maximal HARQ process numbers to 32 for TN to address the issue? 
· Starting from which release do you prefer/can live with? 
· To which granularity of UE reporting do you prefer/can live with, e.g., per band as Rel-17 NTN or per FS? 
Please elaborate your reasons to your answer. 

	Company
	Inputs

	Qualcomm
	No we don’t support increasing the maximum HARQ process number to 32. 
Such a change has significant impact in current UE design and implementation and we believe it would require time and effort to identify a capability framework and RRC signalling that could result into a complete and implementable feature. 
To point out a few discussion points: is the request for increased HARQ processes only for DL or for both DL/UL? Is it only for FR2 CCs? Is it only for the inter-FR CA case that is shown as example in the contribution? Would there be a need to have RRC configurability for the maximum HARQ processes? Would there be a common number of maximum HARQ processes for all CCs in a band in CA?

	ZTE
	Support. 
· Our preference is to start from Rel-17 as NTN. To address chipset vendors’ concern, we are also ok to start from Rel-18. Starting from Rel-19 would be too late to address the market demands. 
It is noted that 32 HARQ process numbers have also been introduced to ATG in Rel-18, and it can apply to TDD bands (e.g., band 79) with a maximum transmission bandwidth of 273 PRBs.
· We prefer to reuse similar capability reporting structure as Rel-17 NTN.
@Qualcomm, As proponents proposed in [1], it intends to reuse the similar capability reporting as Rel-17 NTN. That is, a UE can separately report for DL and UL, e.g., DL is 32 while UL is still 16, and it’s fully up to UE capability reporting. Given it is per band reporting, different band can report different numbers of HARQ processes. And corresponding RRC parameters similar to Rel-17 NTN should be introduced. We are open to discuss other reporting granularity if needed.  
	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


From ZTE perspective, we think it is intended for inter-FR CA case. But if it can be introduced to inter-FR CA, it seems no need to restrict to other cases which requires less UE capability compared to inter-FR CA.

	China Telecom
	Support to increase the maximal HARQ process number to 32 for TN. We indeed see the need to address the issue met by scenario with FR1 TDD Pcell + FR2 TDD Scell. Increasing the maximal HARQ process seems to be the only way out.

	Apple 
	No. We do not support this optimization. 
First of all, the value of maximum HARQ processes was heatedly debated in Rel-15, as the number has direct impact on hardware imilar for UE implementation. The value of ‘16’ is choosen from {8,16,32} as an compromise after lengthy discussion. Also, it should be noted that FR1-FR2 CA i.e., mixed numerology cases, is part of discussions in Rel-15 and it is not a new use case at all. Actually FR1-FR2 CA has been supported since Rel-15. 
In addition, the requirements of NTN and TN use cases are fundamentally different from UE hardware/meomory perspective. The NTN only support single CC and 1Mbps peak data rate. However, the FR1/FR2 CA targets for multiple CCs and each CC with hundreds of Mbps. Therefore, there is no any dependency between support 32 HARQ process for NTN and that of TN FR1/FR2 CA case. 
Third, we failed to see the justification of this proposal. We had imilar relaxization for Redcap device e.g., 4 Rx to 2Rx due to special characteristic, which is similar as NTN relaxzation. Can we also enhance it by relaxing 2RX to eMBB UE, as extending 32 HARQ processes from NTN to TN FR1/FR2 CA? 
Last but not least, we share same concerns on the standard efforts to support this feature as detailed by Qualcomm.    

	MTK
	We have similar view as Qualcomm and Apple. At the same time, we are open to discuss this as a R19 TEI as this is an enhancement to current spec, while R17 CR is not acceptable to us.

	CATT
	We support to increase the maximal HARQ process numbers to 32 for TN to address the issue. Our preference is to start from Rel-17. However, considering the concerns from chipset vendors, we can discuss whether it is possible to start from Rel-18. We also think Rel-19 is too late.

	Huawei, HiSilicon
	We support the proposal to increase the HPN to 32 for TN cases. We have seen clear practical usage scenarios in particular FR1-FR2 CA. We would prefer to introduce a Rel-17 UE capability for this but if there is strong concern, it may also be okay to adopt it from Rel-18. How this new UE capability should be reporting, e.g., per band, per FS, per FSBC can be further discussed.

	CMCC
	We support to increase the maximal HARQ process numbers to 32 for TN to address the issue. We prefer to adopt it from Rel-18 (i.e., the first release of 5G-A)




Q3: If ‘No’ to Q2, how to address the issue? Companies are encouraged to provide alternative solution to address the issue. 

	Company
	Inputs

	
	

	
	



Q4: Any other views/suggestions?
	Company
	Inputs

	ZTE
	On one hand, the issue is from the field and it’s our 3GPP responsibility to find a solution to address the market demand. On the other hand, we do understand the concerns from chipset vendors. In such situation, we hope all companies from each side could be open-minded, and let’s work together to find a solution that could be acceptable to all. 

	MTK
	We are open to discuss the solutions, for example, HARQ process merging, but we still tend to think the solution should be discussed in R19 TEI.


Summary
Based on the contribution from proponents and the inputs of the first ground, the overall situation is summarized as follows. 

Observation 1: All companies agree that the issue proposed by the proponents do exist, under certain typical TDD configurations widely used in real deployment. 
· Issue at hand: With a maximal of 16 HARQ process numbers under existing scheduling restriction, PDSCH cannot be scheduled to a UE in a large portion of DL/S slots in FR2 Scell for FR1-FR2 CA, as the examples shown in Figure 1 and Figure 2. 

Observation 2: The majority companies, including operators, NW vendors, UE/chipset vendors, support to increase the maximal HARQ process numbers to 32 for TN. 3 companies do NOT support. 
· Support (10): ZTE, CMCC, China Telecom, Ericsson, Nokia, Nokia Shanghai Bell, CATT, Verizon, Huawei, HiSilicon
· Not support (3): Qualcomm, Apple, MTK
· Significant impact in current UE design and implementation.
· Require time and effort to identify a capability framework and RRC signalling.
· Has been discussed in Rel-15. 

Proposal 1: RAN1 further discusses the solution to address the issue proposed in R1-2402160. 
· Solution 1: Support of a maximum of 32 HARQ process numbers for TN.
· New UE capability(ies) are required, and further discuss the detailed capability framework, including potential finer reporting granularity than ‘per band reporting’, differentiation of DL and UL etc.   
· New RRC parameters are required.
· Aiming for a Rel-18 feature.  
· Other solutions are not precluded, e.g., HARQ process merging?


Conclusion
TBD
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