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1	Introduction
In RAN#88-e, the WI named as “Solutions for NR to support NTN” was proposed and agreed [1]. In [1], the following scenarios would be considered for developing specifications.
· Transparent payload based LEO scenario addressing at least 3GPP class 3 UE with and without GNSS capability and both Earth fixed &/or moving cell scenario (as per SI outcome).
· Transparent payload based GEO scenario addressing UE with GNSS capability.

For core specification work, the scope of the scenarios might be described in more detail by the following assumptions.
· FDD 
· Earth fixed Tracking area + Earth fixed and moving cells
· UEs with GNSS capabilities
· Transparent payload

In addition, For HARQ, the following topics should be discussed in order to address the issues caused by NTN.
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2] [2]

In [2], the followings were summarized by RAN2.
· Enabling / disabling of HARQ feedback is a network decision signalled semi-statically to the UE by RRC signalling. 
· on a per UE and per HARQ process basis via RRC signalling.  
· The enabling / disabling of HARQ uplink retransmission could be configurable by a network decision 
· on a per UE, per HARQ process and per LCH basis. (Details can be decided in a normative phase.) 
· The network criteria of enabling / disabling HARQ feedback are not specified. 
· Examples for possible criteria are latency or throughput service requirements, transmission roundtrip time etc. Other criteria are not excluded. 
· SemiPersistent Scheduling should to be supported for HARQ processes with enabled and disabled HARQ feedback. Details can be decided in the WI phase. 
· Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdschAggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. 
· Soft combining of multiple transmissions according to NR Rel.15 is supported in the receiver. 
· Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might also be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. 
· Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver. 
· If the feedback is disabled for a selective number (i.e. not all) of HARQ processes, the configuration parameters for different HARQ processes may need to be different.  

[bookmark: _GoBack]In this contribution, two issues on the slot aggregation are discussed. Some potential enhancements for slot aggregation are proposed.

2	Discussion 
2.1	issue caused by disabling HARQ feedback per UE
In Rel-15 NR, there are 2 feedbacks to allow gNB to determine reliability of DL transmission, which are HARQ feedback (ACK/NACK) and CSI feedback. CSI feedback is used for determining the transmission parameter (ex. MCS, Code rate) rather than guaranteeing reliability. In other hand, HARQ feedback is used for guaranteeing reliability and determining whether the previous transmission parameter is proper or not. 
According to the previous agreements in RAN2, There are 2 basis options for enabling/disabling of HARQ feedback, which are “per UE” and “per HARQ process”. For disabling HARQ feedback per UE, all the ACK/NACK information for DL transmission would not be reported to gNB. In other words, the ACK/NACK information for gNB to determine whether DL transmission has become reliable or not does not exist. In this case, since there is no ACK/NACK information, it is impossible for gNB to know whether the transmission parameter is appropriate for the current situation or not. If the transmission parameter is set to be too un-reliable in the current channel situation, it would be a problem because it leads to reliability loss. Conversely, if the transmission parameter is set to be too reliable compared to in the current channel situation, also, it would be a problem because it has throughput loss. 
Observation 1 : When HARQ feedback is disabled on a per UE, the ACK/NACK information, which helps gNB to determine whether DL transmission has become reliable or not, does not exist.
Observation 2 : Without HARQ feedback, it is impossible for gNB to know whether the transmission parameter is appropriate for the current situation or not.

In case of NTN, multiple retransmissions of a same TB (slot aggregation) might be used for the HARQ process with HARQ feedback disabled. If the transmission parameter is set to be too reliable, multiple ACKs within aggregated slots may occur and this leads to reliability loss. In this case, the more disabled HARQ processes gets, the more severe the throughput loss may be. Thus, under HARQ feedback disabled case, the determination of transmission parameters should be properly. 
Observation 3 : With slot aggregation, the transmission parameter should be determined properly. 
· Too reliable parameter : throughput loss 
· Too un-reliable parameter : reliability loss

In [3], the following observation and proposal are noted.
Proposal 1 : Introduce new UL feedback via UCI/MAC-CE/RRC for reporting DL status or requesting DL scheduling changes when HARQ feedback is disabled. 
· new UL feedback can include information such as
· DL decoding statistics
· request for reducing/increasing MCS
· request for reducing/increasing pdsch-AggregationFactor
· combinations of the above

The above might be a potential solution for retransmission mechanism under the situation with HARQ feedback disabled per UE. However, it has RAN1 specification impacts because of introducing new UCI. For minimizing RAN1 specification changes, the UL feedback via RRC/MAC-CE might be preferred rather than UL feedback via UCI.
Observation 4 : For minimizing RAN1 impact, UL feedback via MAC-CE/RRC is preferred rather than UL feedback via UCI.


2.2	issue caused by uniqueness of aggregation factor
In NR, PDSCH/PUSCH can be transmitted in various forms by means of changing the transmission parameters. Among lots of parameters, especially, the slot aggregation factor (SAF, AF) is defined by the RRC and it is unique for either PDSCH or PUSCH [4]. Additionally, SAF changes could lead to both throughput change and reliability change.
Observation 5 : slot aggregation factor is unique for either PDSCH or PUSCH.
Observation 6 : slot aggregation factor change could lead to both throughput change and reliability change.

Generally, the performances such as throughput and BLER are determined depending on (almost only) the value of the transmission parameter, assuming that S(I)NR value was determined to a certain value. Moreover, assuming that the SAF was also determined to a specific value, then, normally, it cannot be optimal for all the transmission parameters because it might be effective for certain transmission parameters only. To put it another way, for example with MCS index, under the situation with S(I)NR=-2 dB and SAF=2, if the optimum performance was shown in MCS index=3, then SAF=2 would not be optimal in MCS index=28. Thus, in order to achieve the target performance, some transmission parameter might be limited to be used. In other words, it might be concluded that each transmission parameter has its own SAF value for the optimal performances, and transmission parameter changes might lead to SAF change for achieving optimal performance. 
Observation 7 : Each transmission parameter has its own SAF value for optimal performance.
Observation 8 : Transmission parameter changes might lead to SAF change for achieving optimal performance.

Additionally, this phenomenon resulting in less usable transmission parameters, becomes more severe as better target performance is needed. Normally, depending on the transmission purpose, the different target performance might be needed, and it might result in requiring SAF value change. For NR, the transmission purpose can be distinguished through RNTI, search space type, etc. For example with RNTI, the types of the RNTI used in PDSCH are  {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI and those of the RNTI used in PUSCH are {TC,C,MCS-C,CS}-RNTI [5]. In addition, for NTN, the required target performance may vary depending on whether the HARQ feedback is disabled or not.
Observation 9 : Target performance change might result in requiring SAF value change for optimal performance.
Observation 10 : Target performance might be defined individually per RNTI and/or per search space and/or per whether HARQ feedback is disabled or not.

In conclusion, optimal performance can be achieved by introducing separate SAF per each transmission parameter and/or per each required target performance. Thus, in case of NR, in order to achieve the above method for optimal performance, the SAF change is required whenever parameter and/or target performance changes. This action leads to the data throughput loss as much as the RRC message size for changing SAF, and latency as much as the time to apply SAF change.
Observation 11 : Optimal performance can be achieved by introducing separate SAF per each transmission parameter and/or per each required target performance.
Observation 12 : In case of NR, because SAF is unique, the change of SAF is required whenever parameter and/or target performance changes for optimal performance.

Proposal 2 : Introduce multiple aggregation factors per PDSCH/PUSCH for achieving optimal adaptation
· the following components could be considered as the axis of multiple aggregation factors span
· MCS index, modulation order, code rate, spectral efficiency, etc
· RNTI type, search space type, etc
· PDSCH related RNTI : {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI
· PUSCH related RNTI : {TC,C,MCS-C,CS}-RNTI
· search space type : {Type0,Type0A,Type1,Type2,Type3}-CSS, USS
· whether HARQ feedback is disabled or not, etc
· combinations of the above
· subsets of the above

3	Conclusion
In this contribution, two issues on slot aggregation are discussed and the following observations and proposals are made.
Observation 1 : When HARQ feedback is disabled on a per UE, the ACK/NACK information for gNB to determine whether DL transmission has become reliable or not does not exist.
Observation 2 : Without HARQ feedback, it is impossible for gNB to know whether the transmission parameter is appropriate for the current situation or not.
Observation 3 : With slot aggregation, the transmission parameter should be determined properly. 
· Too reliable parameter : throughput loss 
· Too un-reliable parameter : reliability loss
Observation 4 : For minimizing RAN1 impact, UL feedback via MAC-CE/RRC is preferred rather than UL feedback via UCI.
Observation 5 : slot aggregation factor is unique for either PDSCH or PUSCH.
Observation 6 : slot aggregation factor change could lead to both throughput change and reliability change.
Observation 7 : Each transmission parameter has its own SAF value for optimal performance.
Observation 8 : Transmission parameter changes might lead to SAF change for achieving optimal performance.
Observation 9 : Target performance change might result in requiring SAF value change for optimal performance.
Observation 10 : Target performance might be defined individually per RNTI and/or per search space and/or per whether HARQ feedback is disabled or not.
Observation 11 : Optimal performance can be achieved by introducing separate SAF per each transmission parameter and/or per each required target performance.
Observation 12 : In case of NR, because SAF is unique, the change of SAF is required whenever parameter and/or target performance changes for optimal performance.


Proposal 1 : Support a new UL feedback via UCI/MAC-CE/RRC for reporting DL status or requesting DL scheduling changes when HARQ feedback is disabled. 
· UL feedback can include information such as
· DL decoding statistics
· request for reducing/increasing MCS
· request for reducing/increasing pdsch-AggregationFactor
· combinations of the above

Proposal 2 : Introduce multiple aggregation factors per PDSCH/PUSCH for achieving optimal adaptation
· the following components could be considered as the axis of multiple aggregation factors span
· MCS index, modulation order, code rate, spectral efficiency, etc
· RNTI type, search space type, etc
· PDSCH related RNTI : {P,SI,RA,MSGB,TC,C,MCS-C,CS}-RNTI
· PUSCH related RNTI : {TC,C,MCS-C,CS}-RNTI
· search space type : {Type0,Type0A,Type1,Type2,Type3}-CSS, USS
· whether HARQ feedback is disabled or not, etc
· combinations of the above
· subsets of the above
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