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Introduction
This is the result of a merge of tdocs in the following topics and the following contribution:
· DRX (R2-1915566, R2-1915422, R2-1916196, R2-1915167, R2-1915179, R2-1916148)
· Uplink scheduling enhancements (R2-1915565, R2-1915422, R2-1915169, R2-1915913)
· HARQ (R2-1914589)
The topics in the TP include DRX, UL scheduling and HARQ. The discussion part of this paper includes some clarifications on how to adapt DRX for NTN according to the current MAC specification. It should be noted that the TP only contains solution options. 
[bookmark: _Ref178064866]Uplink scheduling enhancements and HARQ
In section 7.2.1.4 to 7.2.1.5, we have captured proposals that have been submitted to RAN2#107bis that there have not been any time to discuss online. In order to capture this in the TR, we have attempted to make a merge.  
1. [bookmark: _Toc25140945][bookmark: _Toc25232968]RAN2 to accept the TP on UL scheduling enhancements and HARQ.

DRX adaptations
See the text below on DRX adaptations and DRX enhancements. 
[bookmark: _Toc20399768][bookmark: _Toc20863316][bookmark: _Toc20996207][bookmark: _Toc21034080][bookmark: _Toc23155777][bookmark: _Toc23238214][bookmark: _Toc23798443][bookmark: _Toc23845112][bookmark: _Toc24057189][bookmark: _Toc25059922][bookmark: _Toc25140131][bookmark: _Toc25140947][bookmark: _Toc25232969]RAN2 to accept the TP on DRX adaptions and DRX enhancements for NTN.
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Text proposal

[bookmark: _Toc23403916]7.2		User plane enhancements
Editor’s note: The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded

[bookmark: _Toc23403917]7.2.1	MAC
Removed non-editted parts.

[bookmark: _Toc23403924]7.2.1.2	Discontinuous Reception (DRX)
Problem Statement
The Discontinuous Reception (DRX) supports UE battery saving by reducing the PDCCH monitoring time. Several RRC configurable parameters are used to configure DRX. [TS 38.321][TS38.331]
A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN for the reason that the timer values were inspected to accommodate the RTD of NTN system.
drx-HARQ-RTT-TimerDL is the minimum duration before a downlink assignment for HARQ retransmission is expected by the MAC entity. In terrestrial communications this is configurable in the range of a few ms, which is too small for a communication-link with a satellite. drx-HARQ-RTT-TimerUL is the same as drx-HARQ-RTT-TimerDL just for the uplink.[TS 38.321][TS38.331]
If HARQ is supported by NTN, the handling of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.
drx-RetransmissionTimerDL presents the maximum time until a downlink retransmission is received. The timer starts latest after 4ms after the corresponding transmission. During this timer runs, the UE monitors the PDCCH. drx-RetransmissionTimerUL is the same as drx-RetransmissionTimerDL just for the uplink.[TS 38.321][TS38.331]
A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerUL is not needed to support NTN.
[bookmark: _GoBack]
Possible Solution
If HARQ feedback is enabledis supported by NTN, an offset is added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL to support NTN.
Problem Statement
If HARQ feedback is disabled or enabled for only a certain number of HARQ process IDs, according to TS 38.321, the UE might be forced to monitor the PDCCH for retransmission opportunities that never will happen and thus waste energy that reduces the battery lifetime. 
Possible Solution
A simple solution for the feedback to the transmission of DL TBs is to confirm that the current implementation of the TS 38.321 specification does not start the drx-HARQ-RTT-TimerDL if HARQ feedback is disabled. 
A simple solution for the transmission of UL TBs is to agree to have an addition to the TS 38.321 specification that the UE should only start the drx-HARQ-RTT-TimerUL if HARQ feedback is enabled for the corresponding HARQ process. The exact formulation can be discussed in WI phase 

Problem Statement
[image: ]
Figure 7.2.1-x. Example of UE-initiated active period time after sending SR.
In NTN with long propagation delays, the UE should avoid monitoring the PDCCH and thus save energy when nothing will be received due to long RTTs. When DRX is configured, the UE is either in Active time and continuously monitor the PDCCH, or, it is in non-Active time and allowed to save energy by not monitoring the PDCCH. The Active time occasions are mainly controlled by network configurations but at some occasions the UE enters Active time without the control of the network, e.g. after: 
· Sending a Scheduling Request
· Replying to the RAR in Contention-Free Random Access
In both these cases, the UE would have to monitor the PDCCH for at least one RTT before any type of response is possible to be received.
Possible Solution
A possible solution to save battery would be to allow UE to discontinuously monitor the PDCCH during this time. It should however be noted that the network may schedule the UE directly after one of the cases above, this FFS. 
On DRX after SR, as an example:
· UE starts offset to trigger the start of DRX active time after sending SR request on PUCCH, thus UE would not be required to monitor SR while offset is running.
The details are FFS, but some examples of the case of replying to the RAR in Contention-Free Random Access: 
· the gNB may include an offset to trigger the start DRX Active time via RAR:
· The UE may have an RTT-variable configured. 


7.2.1.2.1	DRX enhancements


Figure 7.2.1-x. Example of blind HARQ (re)transmissions during drx-InactivityTimer.
Problem Statement
If HARQ is disabled and HARQ blind (re)transmissions are used then the DRX procedures may have some impact. 
Possible Solution
One possible solution would be to start the drx-RetransmissionTimer upon network scheduling via PDCCH so that UE can sleep in between blind HARQ (re)transmissions.
Some solutions to this would be:
· On drx-InactivityTimer:
· Use legacy drx-InactivityTimer in order to give gNB time to schedule blind HARQ (re)transmissions.
· Use a dedicated drx-InactivityTimer for blind HARQ (re)transmissions. 
· Start of drx-RetransmissionTimerDL may have a different set of solutions:
· Can be started when the UE receives a PDCCH scheduling data.
· Can be scheduled by PDCCH.
· Start of drx-RetransmissionTimerUL should also be considered.

Problem Statement 
After RTT milliseconds, as seen from the UE, the network is allowed to reuse HARQ process IDs and could start sending DCI allocations to the UE. Since this period of time rarely will coincide with the active time of the UE DRX cycle, the network will likely need to delay any transmission to the first available onDuration period after that RTT ms have elapsed, introducing an extra delay on top of that introduced by the RTT of the NTN.
Possible Solution/Option
This extra delay could be avoided by allowing the UE to leave its DRX state at the time when the first possible DCI could be received on PDCCH. 
Some options on this could be:
· A longer value of drx-InactivityTimer can be configured for sufficient time for monitoring the new transmissions. And if the NW consider there is no transmission expected, it can send UE into DRX by DRX command to stop the monitoring of PDCCH.
· Short DRX cycle can be configured in the first few RTTs to monitor the PDCCH for new transmission and re-transmissions, and a long DRX will be used after expiration of short DRX.
· UE could enter active time and start monitoring the PDCCH after RTT milliseconds from the oldest not yet acknowledged transport block.
[image: ]
Figure 7.2.1-x Unnecessary monitoring of PDCCH and extra delay due to HARQ stalling



[bookmark: _Toc23403925]7.2.1.3		Scheduling Request
Problem Statement
A UE can use a Scheduling Request (SR) to request UL-SCH resources from the gNB for a new transmission or a transmission with a higher priority. SR transmission is configured by RRC. During the prohibit timer (sr-ProhibitTimer) is active, no further SR is initiated.[TS 38.321] The sr-ProhibitTimer will at latest expire after 128ms [TS 38.331] and initiate a SR. For GEO systems the value range is not sufficient because the RTD is larger.
The sr-ProhibitTimer should be modified to support NTN.

Possible Solution
The value range of sr-ProhibitTimer should be extended to support NTN.

[bookmark: _Toc23403926]7.2.1.4	HARQ
Editor’s note: FFS the impact on other procedures

The MAC sublayer supports error correction and/or repetition through HARQ as in NR Release 15. The HARQ functionality ensures delivery between peer entities at Layer 1.
For NTN the network could disable uplink HARQ feedback for downlink transmission at the UE receiver e.g. to support long propagation delays. Even if HARQ feedback is disabled, the HARQ processes are still configured. Enabling / disabling of HARQ feedback is a network decision signalled semi-statically to the UE by RRC signalling. The enabling / disabling of HARQ feedback for downlink transmission should be configurable on a per UE and per HARQ process basis via RRC signalling. 
For NTN the network could disable HARQ uplink retransmission at the UE transmitter. Even if HARQ uplink retransmissions are disabled, the HARQ processes are still configured. The enabling / disabling of HARQ uplink retransmission could be configurable on a per UE, per HARQ process and per LCH basis. Details can be decided in a normative phase. And the LCP impact caused by disabling the HARQ uplink retransmission configuration can be discussed in the WI 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. Semi-Persistent 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 pdsch-AggregationFactor > 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. For the uplink this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission. 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. 

7.2.1.5		Uplink scheduling
7.2.1.5.1		Assignment of uplink resources

Problem Statement
The typical procedure when data arrives in the buffer is to trigger a Buffer Status Report and if the UE does not have any uplink resources for transmitting the BSR, the UE will go on to do a Scheduling Request to ask for resources. Since the scheduling request is only an indication telling the network that the UE requires scheduling, the network will not know the full extent of the resources required to schedule the UE, thus first the network may typically schedule the UE with a grant large enough to send a BSR so that the network may schedule the UE more accordingly as seen in Figure 7.2.1.5-X. 
[image: ]
Figure 7.2.1.5-X
In non-terrestrial networks the drawback of this procedure is that it would take at least 2 Round-trip times from data arriving in the buffer at the UE side until it can be properly scheduled with resources that would fit the data and the required QoS. Due to the large propagation delays this may become prohibitively large.
Possible Solutions/options
In order to mitigate the problem there may be a number of possible solutions. In Table 7.2.1.5-X some different options in terms of the their pros, cons and delays have been characterized. However the feasibility of the solutions are still FFS. 
Table 7.2.1.5-X. Scheduling enhancement options. 
	Scheduling option
	Pros
	Cons
	Delays*

	SR-BSR procedure
	- Low resource overhead required
	- Large delays
	At least 2 RTTs of delay

	Sending large grant in response to SR
	- Potentially low resource overhead
	- Still takes 2 RTTs before UE has the BSR
- Might be a waste in terms of resources since network is still not aware of the buffer situation of the UE
	1 – 2 RTTs

	Configured grant
	- Low latency with right configuration
	- Large overhead
- Tradeoff between latency and overhead
	0 – 1 RTT**

	BSR-indication in SR
	- Low latency with correct configuration
	- Large spec-impact
- Resource overhead impact unclear, larger than SR
	1 RTT

	BSR over 2-step
	- Low latency
- Low overhead
	- RACH resources required
	0 – 1 RTT**

	* the number of RTTs before full scheduling based on BSR can begin.
** if configured grant/2-step allocation is large enough and data can be transmitted in the grant.
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