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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
Based on the email discussion [106#71][NR/NTN]  on HARQ [1], several agreements related to HARQ have been made in RAN2#107 [2]. One of the decisions was that the enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis. Since the gNB performs the HARQ process selection in its scheduling decision, it can assign packets to HARQ processes dynamically. This document discusses scheduling aspects related to the HARQ process selection and logical channel prioritization. 
2. HARQ Process Selection and Logical Channel Prioritization  
The agreements from the last RAN2#107bis meeting have been captured in [2] as follows: 
Agreements
…
5	It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
6	The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling. 

In other words, HARQ processes may be configured differently (e.g. with and without HARQ feedback) by RRC configuration. The gNB scheduler performing the HARQ process selection can, depending on the intended behavior, select the HARQ process to be used for this uplink or downlink scheduling instance. This scheme supports different service or signaling requirements in terms of latency and error rates as well as different propagation delays of different NTN systems. As already discussed in RAN2 the HARQ process selection as such will not be specifiedand is up to implementation. The UE will be informed about the HARQ process identity in the PDCCH resource allocation transmitted on the PDCCH Downlink Control Information. 
Part of this HARQ selection process is to decide which bearer / logical channel is transmitted on which HARQ process.  For the downlink this is straight forward, because everything is under the control of the gNB. Nevertheless, for the uplink such information is not provided to the UE with the resource allocation. 
Observation 1: 	During uplink scheduling the UE is assigned to a HARQ process, but it is not defined which  Logical Channel is used to serve the UE with this grant. 
Unless some mapping or mapping restrictions are provided to the UE, the regular prioritization scheme (priority and prioritizedBitRate of the LogicalChannelConfig IE) will be applied, which means the data with the highest priority is served first. 
Nevertheless, this may not result in the intended behavior at all the times. Unless HARQ processes are reserved, it might happen that the gNB is not able to serve the intended HARQ process for the highest priority data and may need to wait one or more TTIs. Another scenario is, that the UE sends a scheduling request of low priority data and eventually gets an uplink grant by the gNB. In the meantime, high priority data arrives at the UE and must be served by the HARQ process originally intended for the low priority data. At the next scheduling instance, the low priority data will be served by the HARQ process intended for the high priority data. The longer the propagation delay of buffer status report and PDCCH resource assignment the more likely is such a scenario. An extreme scenario would be if a Signaling Radio Bearer is mapped on a HARQ process intended for a background service not restricted in latency. For such bearer the initial transmissions may not be as robust because the service can rely on scheduled HARQ retransmission since it is not delay critical. It seems questionable if a service or bearer dependent HARQ process selection is feasible for NTN uplink.  
Observation 2: 	Service or bearer based HARQ process selection does not seem to work for the uplink in different scenarios when applying the regular uplink data prioritization. 
From our point of view the working assumption is to support different HARQ processes with and without retransmission in parallel to serve different data differently in the uplink. With the decision of the last meeting this behavior cannot yet be achieved fully in the uplink because gNB selects the HARQ process according to its knowledge (e.g. BSR), while the UE selects the data according to the highest priority which may be different from the one assumed by the gNB due to new traffic arrival. 
Proposal 1: 	RAN2 should discuss the problem of UE uplink data prioritization in relation to a gNB based HARQ process selection. 
Since the packet treatment will be quite different, if cannot be left to UE implementation to decide which data goes on which HARQ process when such processes have very different packet treatment. 
Proposal 2: 	A clear UE behavior should be defined to support the UE in mapping the data packets to the appropriate HARQ processes. 
If so, it must be possible for the gNB to semi-statically configure or dynamically provide information to the UE to allow the UE to transmit packets on the appropriate HARQ processes according to a certain rule. In NTN, due to the very large propagation delays, the gNB is not aware of the latest data arrival at the UE. Therefore, it is not possible to schedule such information dynamically. The information, once arrived at the UE (e.g. part of the uplink grant), will anyway be outdated. Either a UE behavior is fixed by the specification or semi-statically configured by RRC.
Proposal 3: 	gNB should not dynamically signal information to the UE to support the UE in mapping the data packets to the appropriate HARQ processes. 
Different solutions can be envisioned. Extending existing methods, there could be a 1:1 or 1:N mapping of HARQ processes to logical channels or logical channel groups in the uplink. Alternatively, some mapping restrictions could be defined that certain packets do not end up being served by a wrong HARQ process (e.g. important packet of signaling bearer ending up on HARQ process intended for a low reliability packet without latency restrictions). Both seem to be possible either as part of the RRC configuration or as part of configured MAC mapping restrictions in the Logical Channel Prioritization.  
In our view, also a fixed mapping might also not result in an optimum behavior. One consequence is, a fixed and strict mapping will result in a reduction in available HARQ processes due to the segmentation of the HARQ process pool across channels. Another consequence is, that uplink grants may be lost for high priority data packets because a low priority packet must be sent according to a fixed scheme. For NTN, with very large propagation delays, RAN2 could consider scheme that leaves more freedom to the UE to select data and transmission format according to the latest data in its transmission buffer.   
Proposal 4: 	RAN2 should discuss if for the uplink a fixed mapping scheme of data to HARQ processes should be defined or if a more flexible solution considering latest UE buffer status would be preferred for NTN with very long propagation delay. 
3. Summary 
This document discusses scheduling aspects related to the HARQ process selection and logical channel prioritization. 
Observation 1: 	During uplink scheduling the UE is assigned to a HARQ process, but it is not defined which Logical Channel is used to serve the UE with this grant. 
Observation 2: 	Service or bearer based HARQ process selection does not seem to work for the uplink in different scenarios when applying the regular uplink data prioritization. 
Proposal 1: 	RAN2 should discuss the problem of UE uplink data prioritization in relation to a gNB based HARQ process selection. 
Proposal 2: 	A clear UE behavior should be defined to support the UE in mapping the data packets to the appropriate HARQ processes. 
Proposal 3: 	gNB will not dynamically signal information to the UE to support the UE in mapping the data packets to the appropriate HARQ processes. 
Proposal 4: 	RAN2 should discuss if for the uplink a fixed mapping scheme of data to HARQ processes should be defined or if a more flexible solution considering latest UE buffer status would be preferred for NTN with very long propagation delay. 
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