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Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.

Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite
Note 2: The spectrum usage on the service link for HAPS might be a different spectrum allocation than for Satellite. 



In this contribution we discuss testing of PDSCH disabled HARQ demodulation requirements. 


Discussion
Agreements for testability of the disabled HARQ scenario
RAN4 #104-bis-e agreed a WF with several topics [2]:
	Issue 2-6: Testability of the disabled HARQ scenario
· Proposals
· Option 1(Ericsson, Qualcomm, Apple, Nokia): 4 disabled, 12 enabled in 16 HARQ processes. The peak throughput with scaling 3/4 can be used as the metric for this test.
· Option 2 (Huawei): Keep previous agreements that all HARQ feedback are disabled. How to perform test will up to RAN5 discussion.
· Recommended WF
· TBA




In particular the disabled HARQ feedback testability issue was also discussed in the online session with the following conclusion:
	Issue 2-6: Testability of the disabled HARQ scenario
· Proposals
· Option 1(Ericsson, Qualcomm, Apple, Nokia): 4 disabled, 12 enabled in 16 HARQ processes. The peak throughput with scaling 3/4 can be used as the metric for this test.
· Option 2 (Huawei): Keep previous agreements that all HARQ feedback are disabled with 16 HARQ processes. How to perform test will up to RAN5 discussion.
· Comments
...
· Agreement: FFS, RAN4 targets to drawn conclusion in next RAN4 meeting.





Issue 2-6 has been discussed and the two options above identified, also it has been agreed to target reaching a conclusion in next RAN4 meeting. 

Obstacles for testablility and potential solutions
Disabled HARQ feedback is a functionality that has been developed for the first time in Release 17. There is no prior feature with similar behavior, and therefore, it should not be taken for granted that its implementation will not cause the UE any loss of performance. Hence, it is important to have the feature tested.

Option 1
Option 1 is assuming 4 of the 16 HARQ processes to have HARQ feedback disabled and 12 HARQ feedback enabled. Since there is no feedback for disabled processes the testing equipment would need to rely on the feedback from HARQ enabled processes. One proposal seems to toggle the NDI (new data indicator) bit in every transmission, such that UE flushes the HARQ buffer every time, in order to replicate the same behavior across the two set of processes (enabled feedback and disabled feedback).

Toggling NDI for each transmission will effectively emulate and test the performance (BLER/TPUT) of HARQ-less transmissions in all HARQ processes. However, the HARQ timing specifications will still apply for feedback enabled processes. This might impact the modelling of HARQ stalling in the test, but this is not of concern since the requirements impose TPUT performance targets and do not claim to pose requirements on HARQ stalling.
One important distinction to be made is that the “disabling” corresponds only to the HARQ feedback, not for the rest of the HARQ operation. This definition is clear from 3GPP TS 38.321, where in the HARQ process the UE is first required to decode the TB and update the soft buffer if the data  TB is not successfully received, and only then skipping the acknowledgement part. The decode of potential retransmissions are based on the data present in the soft buffer, as highlighted in the box below.
	From TS 38.321, Section 5.3 DL-SCH data transfer 
5.3.2 HARQ Operation
(…)
The MAC entity then shall:
(…)
1>	else if this is a retransmission:
2>	if the data for this TB has not yet been successfully decoded:
3>	instruct the physical layer to combine the received data with the data currently in the soft buffer for this TB and attempt to decode the combined data.
1>	if the data which the MAC entity attempted to decode was successfully decoded for this TB; or
1>	if the data for this TB was successfully decoded before:
2>	if the HARQ process is equal to the broadcast process:
3>	deliver the decoded MAC PDU to upper layers.
2>	else if this is the first successful decoding of the data for this TB:
3>	deliver the decoded MAC PDU to the disassembly and demultiplexing entity
1>	else:
2>	instruct the physical layer to replace the data in the soft buffer for this TB with the data which the MAC entity attempted to decode.
(…)
1>	if the HARQ process is configured with disabled HARQ feedback:
2>	not instruct the physical layer to generate acknowledgement(s) of the data in this TB.



There are two advantages of the disabling of feedback in HARQ processes in NTN:
1. avoid stalling by running out of processes in the Tx side, what can be caused by a combination of high latency under severe conditions where many retransmissions are required. 
2. Disable useless HARQ feedback that would come very late in time in scenarios with very large round trip time (RTT), while still enabling the usage of HARQ retransmissions by NW implementation. For instance, by using PDSCH aggregation or pre-emptive retransmissions.
Consequently we make the following observation:
Observation 1: [bookmark: _Ref118376893]The disabling of HARQ feedback prevents stalling of the Tx side by running out of processes, but even though it may lead to “single transmission” scenarios, the usage of HARQ retransmission is not precluded for these processes.
If retransmissions are not used but NDI is toggled in the DCI, the UE flushes the HARQ buffer at every transmission and hence the PDSCH performance is similar to the case where the HARQ feedback is disabled. It should be noted that the disabled HARQ feedback performance would be able to be tested with this approach without changes to UE implementation.
Observation 2: [bookmark: _Ref118376944]Option 1 enables the test of the HARQ feedback disabling performance, but the number of retransmissions for the test case has to be defined.
Based on these observations, we then propose:
Proposal 1: [bookmark: _Hlk118728734][bookmark: _Ref118376973]If Option 1 is chosen for the test of HARQ feedback requirements, the number of retransmissions used in the processes with HARQ enabled and disabled processes must be the same

Proposal 2: If Option 1 is chosen for the test of HARQ feedback requirements, the NDI bit is toggled for every transmission for all processes, i.e., no Re-Tx is considered. 

Option 2 and proposed WF
Option 2 is assuming that all the HARQ processes have disabled HARQ feedback. Hence there is not any means to provide feedback to the testing equipment. In order to do the performance testing a new interface would be needed. One option could be a loopback mechanism which loops back the received data in higher layers and transmits it in uplink. An alternative variation of option2 could be counting number of successfully received packets in UE and reporting this in higher layers. 
Full data loopback approaches are used already in testing of higher layers functionality [3] in RAN5:
[image: ]
Figure 1 Data loopback funcationality (mode A) from TS 38.509.

However in order to get estimate of link layer BLER, the test functionality would need to be interacting with the physical layer. Hence, changes are needed for UE implementation in order to facilitate this kind of testing method via loading of lower level demodulated data into higher layer PDCP loopback functions. Since this requires direct interaction and raw data exchange between lower and higher layers of the modem, we assume these implementation changes to be rather involved.
Observation 3: [bookmark: _Ref118377017] Option 2 requires testing specific changes to UE implementation.

The standard loopback method forwards the data to uplink and then the testing equipment identifies errors by comparing to the original data transmitted. This kind of method is very sensitive to uplink propagation conditions and requires error free uplink. Furthermore, RAN5 will need to foresee at least as many UL resources as DL resources in the test.
Alternatively, the loopback method could be used to transmit a synthetic ACK/NACK for auto-of-sync BLER calculations in the test equipment/system simulator. I.e., the normal HARQ resources would not be configured in the test and just a summary of decoding errors is transmitted as payload in the loopback.

Option 2 would also move the problem of testing disabled HARQ functionality for RAN5 to solve and hence bring additional effort to RAN5. Considering the discussion above we propose to adopt option 1 for testing disabled HARQ.
Proposal 3: [bookmark: _Ref118377037]Since option 2 risks to impact UE implementation, adopt Option 1 (testing with 4 HARQ processes having feedback disabled and only transmiting initial transmissions/contant NDI toggling) for testing of PDSCH disabled HARQ feedback requirements. 

While we have a slight preference for option 1, we also need to observe that both option 1 and option 2 can result in feasible tests. Furthermore, both option 1 and option 2 will result in the same performance requirements, i.e., from a RAN4 perspective we can define requirements no matter the outcome of this discussion.
Observation 4: Performance reuquirements do not differ between option 1 (HARQ feedback active for some processes with throughput scaling) and option 2 (usage of higher layer data loopback). Hence, RAN4 can define requirements independently on the test methodology discussion outcome. However, it is preferable to give guidance to RAN5 and to include iniTX/reTx details for option 1 in RAN4, if option 1 is chosen.

Applicability of tests
Regarding the applicability of the tests, it seems clear from the discussion above that the tests with the HARQ feedback disabled are not from the same nature of the commonly used DEMOD tests. In special, in what concerns the usage of the soft buffer and the combination of different retransmissions. Hence, 
Observation 5: [bookmark: _Ref118377055][bookmark: _Hlk118473007]Passing the test with HARQ disabled feedback is not a sufficient condition for skipping the test with HARQ enabled.

Proposal 4: The applicability rules shall not link the requirements for HARQ feedback enabled and disabled in the same test. 


Conclusion
This contribution discusses aspects related to testing of PDSCH disabled HARQ demodulation requirements for NTN and has the following observations and proposals:
Observation 1: The disabling of HARQ feedback prevents stalling of the Tx side by running out of processes, but even though it may lead to “single transmission” scenarios, the usage of HARQ retransmission is not precluded for these processes
Observation 2:	Option 1 enables the test of the HARQ feedback disabling performance, but the number of retransmissions for the test case has to be defined.
Proposal 1:	If Option 1 is chosen for the test of HARQ feedback requirements, the number of retransmissions used in the processes with HARQ enabled and disabled processes must be the same
Proposal 2:	If Option 1 is chosen for the test of HARQ feedback requirements, the NDI bit is toggled for every transmission for all processes, i.e., no Re-Tx is considered.
Observation 3: Option 2 requires testing specific changes to UE implementation.
Proposal 3: Since option 2 risks to impact UE implementation, adopt Option 1 (testing with 4 HARQ processes having feedback disabled and only transmiting initial transmissions/contant NDI toggling) for testing of PDSCH disabled HARQ feedback requirements.
Observation 4:	Performance requuirements do not differ between option 1 (HARQ feedback active for some processes with throughput scaling) and option 2 (usage of higher layer data loopback). Hence, RAN4 can define requirements independently on the test methodology discussion outcome. However, it is preferable to give guidance to RAN5 and to include iniTX/reTx details for option 1 in RAN4, if option 1 is chosen.
Observation 5:	Passing the test with HARQ disabled feedback is not a sufficient condition for skipping the test with HARQ enabled.
Proposal 4:	The applicability rules shall not link the requirements for HARQ feedback enabled and disabled in the same test. 
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