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1	Introduction
The 3GPP has defined a work item for Rel-17 on non-terrestrial networks (NTN), RP-201256 [2]. Due to the long RTT in NTN, one of the objectives in RAN2 is to enhance Random Access and other procedures to support long latency. 
	The following user plane procedures enhancements should be specified (see TR 38.821)
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· MAC
· Random access:
· Definition of an offset for the start of the ra-ResponseWindow for NTN.
· Introduction of an offset for the start of the ra-ContentionResolutionTimer to resolve Random access contention
· Solutions for resolving preamble ambiguity and extension of RAR window.
· Adaptation for Msg-3 scheduling
· Only for the case with pre-compensation of timing and frequency offset at UE side)
· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure
NOTE: offset based solutions for timer adaptations are assumed. 



In this paper, we discuss aspects on the impact caused by long RTT in Random Access procedure and DRX, focusing on Timing Advance compensation, RAR window, 2-Step RACH and DRX offset.  
2	Timing Advance compensation
In the SI technical report, the very large delays in NTN has been raised as a potential challenge for the timing synchronization of the system, for UE which have GNSS capabilities and with pre-compensation of timing capability, UE will estimate and apply the estimated timing advance with respect to the satellite or gNB before sending Msg1 (random access preamble). In the TR 38.821 section 7.2.1.1.2 different options to obtain the timing advance with respect to the satellite before UE sending Msg1 are proposed for regenerative and transparent architectures. 
	a. For regenerative architecture: the satellite position could be needed for UE to estimate the UE-to-satellite delay. For acquiring the satellite position, the position may either be acquired through satellite ephemeris or broadcasted in System Information.
b.	For transparent architecture: the estimation is a bit more involved as the delay that needs to be estimated is between the UE and the gNB interface on the ground. Some options are:
i.	To broadcast the position of the satellite along with the delay from satellite to gateway where the gNB interface is situated. 
ii.	Signal ephemeris along with gateway position to the UE. 
iii.	Signal the feeder link delay or to have the gNB to compensate feeder link delay so that UE only estimates the service link delay.



The RAN1 contributions R1-2006422 and R1-2006424 discussed the main characteristics of these estimation methods and highlights an alternative solution using the SIB9 system information as specified in NR Release 16 [TS38.331]. The SIB9 IE contains the UTC time of the gNb at a given subframe boundary with 10 nanoseconds resolution (NR Release 16-17). If the UE has GNSS capabilities, it is assumed that it can estimate its own UTC time reference within a few microseconds precision. Therefore, when the gNb broadcasts the SIB9 periodically, the UEs can use this system information to acquire their relative timing within a few microseconds precision. 
Observation 1: [bookmark: _Hlk47608542]Certain IEs of SIB9 already allows for UE initial synchronization, provided that UE and gNB have access to the same external reference of time (e.g. GNSS, etc.) 

The use of the SIB9 solves the timing estimation problem in both transparent and regenerative architectures. Use of SIB9 also removes potential source of errors/inaccuracies when determining the UE-to-satellite distance and delays. Especially for transparent architectures it is important that the total delay on the Uu interface (feeder and service link) can be estimated by the UE with enough accuracy [R1-2006422, R1-2006424].

Observation 2: [bookmark: _Hlk47608563]Using IE of SIB9 to estimate the elapsed propagation time between UE and gNb on the Uu interface implicitly account for all relaying and processing time delays and it is agnostic to the architecture or number of hops between both nodes. 

Furthermore, the use of SIB9 information to estimate the timing of the Msg1 transmission does not necessarily require full GNSS capability at the UE as long the UE has other source for UTC time reference.

Observation 3: Using IE of SIB9 to estimate the elapsed propagation time between UE and gNb does not require positioning from the UE, provided it can access UTC time reference from other sources with enough accuracy. 

Proposal 1: For UEs with sufficient UTC accuracy, the SIB9 information-based solution can be used by the UE for the time advance estimation of Msg 1.
Proposal 2: RAN2 to specify the potential network assistance mechanisms needed to achieve the required UE timing estimation accuracy as determined by RAN1.

3	Random Access Window
In 4-Step RACH, there is one raised concern: the ambiguity on the Random Access detection by the gNb and the limited space to convey Timing Advance to the user in the Random Access Response. 
The TR 38.821, Section 7.2.1.1.1.2, under Enhancement to random access response window it has been captured that one possible solution is:
	Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.


and it has been also observed that:
	When the ra-ResponseWindow is extended, including LSBs of SFN in Msg2 can be a baseline in NTN. Whether to modify the RA-RNTI calculation formula or define some parameters in the formula can be discussed in WI phase. [TR 38.821]


The work item description in RP-201256 includes as one possible topic:
	· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].



The mechanism of using LSBs of SFN in Msg2 is supported in Release 16 NR-U and 2-step RACH specifications [TS38.212, TS38.213]. The use of the 2-bit LSBs of SFN in Msg2 in NTN would allow the extension up to 40 ms of the RAR window, and the solution does not require the extension of the RA-RNTI space and calculations formula.
Observation 4: The use of the 2-bit LSBs of SFN in Msg2 in NTN would allow the extension up to 40 ms of the RAR window, and when combined with the common TA information it can accommodate all practical NTN differential RTT values without the extension of the RA-RNTI space or modification of the RA-RNTI calculations formula.

Proposal 3: As baseline for ra-ResponseWindow extension use the solution with 2-bit LSBs of SFN in Msg2, without extension of the RA-RNTI space or modification of the RA-RNTI calculations formula.

4	2-step RACH applicability
The 2-step RACH procedure transforms the 4-step random access to a 2-step procedure by combining Msg1 (preamble) and Msg3 (data) from UE into a single message (MsgA) and combining Msg2 and Msg4 into a single message (MsgB). The benefits of 2-step RACH over 4-step RACH is that there is one round trip cycle between sending MsgA and receiving MsgB, instead of two round trip cycles between sending Msg1 and receiving Msg4, which leads to reduced latency and reduced signalling overhead. In NTN which is known to have long RTT (e.g. between 12.88ms and 541 ms), 2-step RACH was discussed in SI as one possible solution to reduce latency.  
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Figure 1: The 2-Step RACH procedure
The detailed solutions related to 2-step RACH in NTN was not fully addressed as it was concluded that it should be studied when the 2-step RACH WI is more stable. However, some adaptions to make it applicable to NTN were discussed with potential enhancements as below and were captured in TR 38.821:
UE may include assistance information (i.e. value of TA applied by UE) in MsgA PUSCH payload.
	In 7.2.1.1.2 2-Step RACH Procedure
…for UE with location information to perform initial timing advance…, while in 2-step random access procedure, UE can include some assistance information in the PUSCH payload for network to know the value of TA applied by UE.



UE may include assistance information (i.e. BSR) in MsgA PUSCH payload.
	Table 7.2.1.5-1: Scheduling enhancement options
	Scheduling option
	Pros
	Cons
	Delays*

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

	BSR over 2-step random access
	- 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.






UE may include assistance information (i.e. SFN index) in MsgA PUSCH payload.
	Possible solution of problem of ambiguity on preamble reception at the network side:
For the case when 2-step RACH is used, assistance information, e.g., SFN index can be included in MsgA to help network link the received preamble to the corresponding RO.



Observation 5: The motivation to apply 2-Step RACH in NTN is to reduce latency. Assistance information (e.g. SFN index, BSR or value of TA applied by UE) may need to be added to MsgA PUSCH payload to make 2-Step RACH applicable to NTN, which is additional PUSCH overhead.
As the channel structure of MsgA is such that PRACH preamble and PUSCH carrying payload are transmitted in TDM fashion, there is a requirement to reserve idle PUSCH resource for the PUSCH part of MsgA, with the mapping between PRACH preambles and PUSCH resource units to support different MsgA payload size. It is obvious that, the more MsgA PUSCH payload is added, the more PUSCH resource need to be reserved. Increasing the payload size in NTN will lead to an increase of the PUSCH resource overhead. 
For 2-Step RACH, the other issue is the coverage of MsgA PRACH and PUSCH. The 2-Step RACH decoding ability in network includes both the RACH and PUSCH decoding. It is possible that the network detects MsgA-PRACH preamble but is not able to decode MsgA-PUSCH correctly. In this case, the network would order the UE to fallback to 4-step RA type by transmitting a required grant for transmission Msg3, which would therefore not reduce the delay in RACH.
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Figure 2: The 2-Step RACH – Fall Back Procedure
To facilitate network decoding both MsgA PRACH and MsgA PUSCH successfully, the achieved coverage for MsgA PRACH and PUSCH should be similar.  As the PUSCH coverage can be defined in terms of maximum coupling loss (MCL) based on the required SNR at a target BLER, increasing MsgA payload size in NTN will lead to either an increase of the number of PUSCH physical resources or reduce the MCL. 
Observation 6: To achieve latency gain in 2-Step RACH, MsgA PUSCH resource is the additional overhead and cost for network compared to 4-Step RACH.
Observation 7: To achieve latency gain in 2-Step RACH, the MsgA PRACH coverage should be kept similar as MsgA PUSCH. 
Observation 8: Increasing the payload size in NTN will lead to either an increase of the MsgA PUSCH resource overhead or reduction of PUSCH coverage.

Proposal 4: Assuming NTN introduces additional UL payload in MsgA PUSCH should be considered carefully for the impact to coverage and PUSCH resource consumption.
The third major aspect which needs to be addressed for MsgA PUSCH is related to the acquisition and accuracy of the TA before sending this MsgA PUSCH. Since the MsgA PUSCH transmission is not time aligned, the resources reserved for MsgA PUSCH need to have guard time and in case of NTN, where the propagation delays are large, the guard time will need to be even larger.
Observation 9: For UEs transmitting MsgA PUSCH, there are three major cases which need to be considered:
· UE has accurate TA pre-compensation before sending MsgA, or
· UE can obtain accurate TA from NW via TA command before sending MsgA e.g. handover or PDCCH order triggered RACH, or
· UE cannot estimate or get accurate TA before sending MsgA.

Proposal 5: The availability and accuracy of the TA pre-compensation before sending MsgA PUSCH needs to be evaluated.
Considering the additional MsgA PUSCH resource requirement on top of Preamble index, we understand the 2-Step RACH capacity is expected to be lower than 4-step RACH in general. As the typical NTN cell size is up to 1000km in GEO and 200km in LEO (Table 7.2.1.1.1.2-1 in TR 38.821), the 2-Step RACH capability needs to be studied to achieve the required UE density in NTN. Furthermore, if both 2-Step and 4-Step RACH are supported in network, proper 2-Step/4-step RA type selection is one possible way to balance the overall resource overhead and fulfill RACH capacity requirement.
Proposal 6: Adaptive 2-Step or 4-step RA type selection mechanism is one possible way to balance the overall resource overhead and fulfill RACH capacity requirement in NTN.

5		DRX offset 
In the NTN WI description RP-201256 , the DRX impact was summarized in objectives to support both HARQ feedback enabled and HARQ feedback disabled cases. To enable UE battery saving by reducing the PDCCH monitoring time with the high RTT in NTN scenarios, introducing DRX offset is feasible solution in both cases.
	· DRX: 
· If HARQ feedback is enabled, introduction of offset for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL.
· If HARQ is turned off per HARQ process, adaptions in HARQ procedure



According to TR 38.821, in NR, UE starts drx-InactivityTimer whenever UE receives the PDCCH indicates a new transmission(DL or UL). If UE receives the PDCCH indicates a DL transmission then UE should start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback. If the data of the corresponding HARQ process was not successfully decoded, UE should start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
Below Figure 3 is one of illustration of DRX operation in DL.
[image: ]
Figure 3: DRX operation for DL in NR
If HARQ feedback is enabled, UE will start monitor DCI for retransmission when timer drx-HARQ-RTT-TimerDL expires. In NTN with long propagation delays, UE should avoid monitoring the PDCCH and thus save energy when nothing will be received during the interval of long RTTs. Solutions can be either RTT timer value range extension or adding an offset to the timer. As summarized in TR 38.821 , companies agreed to add an offset for drx-HARQ-RTT-TimerDL to support NTN. The same approach should also be applied to drx-HARQ-RTT-TimerUL.
Observation 10:  If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL to support NTN.  

If HARQ feedback is disabled, HARQ blind retransmissions are used as one solution to improve the transmission reliability. Since no feedback expected in the HARQ procedure, adaptions need to be studied in existing DRX procedure to support blind retransmission. (e.g. per-HARQ based timer drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL and drx-RetransmissionTimerDL, drx-RetransmissionTimerUL should be adapted.)
Let’s take DL for example, in legacy HARQ procedure, drx-HARQ-RTT-TimerDL allows UE to go to sleep during the period waiting for next scheduling for retransmission. The timer should be set to the value at least round-trip delay of the system because gNB will schedule retransmission only after reception of UE feedback. In NTN, for NDI based blind retransmission, the blind retransmissions will not rely on UE feedback anymore. So, it is natural not to start drx-HARQ-RTT-TimerDL timer in this scenario. The same principle can be applied to UL as well.
As described in R2-1916196, we have below observations on current TR 38.821 specification. 
· In downlink data transmission with HARQ feedback disabled, drx-HARQ-RTT-TimerDL will not be started and the corresponding drx-RetransmissionTimerDL will not be triggered to monitor DL retransmissions.
· In uplink data transmission, drx-HARQ-RTT-TimerUL and corresponding drx-RetransmissionTimerUL will be triggered as NR Rel-15 because HARQ RTT timer is always started after a PUSCH transmission.
This means in NTN, for drx-HARQ-RTT-TimerDL, no adaptation needed per current implementation of TR 38.821. For drx-HARQ-RTT-TimerUL, adaptation is needed to define how to trigger timer start. We think the solution below in TR 38.821 is reasonable. 
	38.821 section 7.2.1:
A simple solution for the feedback to the transmission of DL TBs is to confirm that the current implementation of the specification [75] 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 specification [75] 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.


Observation 11:  For DL TB transmission, UE does not start the drx-HARQ-RTT-TimerDL if HARQ feedback is disabled according to current specification.  
Observation 12:  For UL TB transmission, UE should only start the drx-HARQ-RTT-TimerUL if HARQ feedback is enabled. MAC Specification modification is needed in WI phase.  

[bookmark: _GoBack]Even without starting RTT timers in the case HARQ feedback is disabled, it is good to re-use drx-RetransmissionTimerDL and drx-RetransmissionTimerUL to support blind retransmission. As continuation of the proposal in R2-1916196, we propose start the drx-RetransmissionTimer upon network scheduling via PDCCH so that UE can sleep in between blind HARQ (re)transmissions, to enable power saving during blind retransmission phase.
For example: gNB informs the retransmission timing dynamically to the UE through DCI. Once the UE receives the DCI for scheduling, gNB will inform UE the time offset to start drx-RetransmissionTimerDL. UE should start DRX retransmission timer after DCI indicated time offset elapses from last PDSCH reception. As shown in Figure 4, in DCI#1/#2/#3, gNB indicates time offset T1/T2/T3. UE should start drx-RetransmissionTimerDL after T1/T2/T3 from the timestamp of corresponding PDSCH transmission.
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Figure 4: DRX operation with dynamic drx-RetransmissionTimer triggering 
Since the timing offset to start drxRetransmissionTimerDL timer is fully controlled by gNB, gNB can balance UE power saving and flexibility requirement of NDI based blind retransmission.
Proposal 7: If HARQ feedback is disabled, to support blind retransmission and improve transmission reliability, one way for UE to start drx-RetransmissionTimerDL(UL) is based on offset scheduled by network via PDCCH, which is beneficial for UE power consumption and keeping scheduling flexibility.

6		Conclusion
In the previous sections we made the following observations: 
Observation 1: Certain IEs of SIB9 already allows for UE initial synchronization, provided that UE and gNB have access to the same external reference of time (e.g. GNSS, etc.) 
Observation 2: Using IE of SIB9 to estimate the elapsed propagation time between UE and gNb on the Uu interface implicitly account for all relaying and processing time delays and it is agnostic to the architecture or number of hops between both nodes. 
Observation 3: Using IE of SIB9 to estimate the elapsed propagation time between UE and gNb does not require positioning from the UE, provided it can access UTC time reference from other sources with enough accuracy. 
Observation 4: The use of the 2-bit LSBs of SFN in Msg2 in NTN would allow the extension up to 40 ms of the RAR window, and when combined with the common TA information it can accommodate all practical NTN differential RTT values without the extension of the RA-RNTI space or modification of the RA-RNTI calculations formula.

Observation 5: The motivation to apply 2-Step RACH in NTN is to reduce latency. Assistance information (e.g. SFN index, BSR or value of TA applied by UE) may need to be added to MsgA PUSCH payload to make 2-Step RACH applicable to NTN, which is additional PUSCH overhead.
Observation 6: To achieve latency gain in 2-Step RACH, MsgA PUSCH resource is the additional overhead and cost for network compared to 4-Step RACH.
Observation 7: To achieve latency gain in 2-Step RACH, the MsgA PRACH coverage should be kept similar as MsgA PUSCH. 
Observation 8: Increasing the payload size in NTN will lead to either an increase of the MsgA PUSCH resource overhead or reduction of PUSCH coverage.
Observation 9: For UEs transmitting MsgA PUSCH, there are three major cases which need to be considered:
· UE has accurate TA pre-compensation before sending MsgA, or
· UE can obtain accurate TA from NW via TA command before sending MsgA e.g. handover or PDCCH order triggered RACH, or
· UE cannot estimate or get accurate TA before sending MsgA.
Observation 10:   If HARQ feedback is enabled, an offset should be added for drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL to support NTN.  
Observation 11:   For DL TB transmission, UE does not start the drx-HARQ-RTT-TimerDL if HARQ feedback is disabled according to current specification.  
Observation 12:   For UL TB transmission, UE should only start the drx-HARQ-RTT-TimerUL if HARQ feedback is enabled. MAC Specification modification is needed in WI phase.  

Based on the discussion in the previous sections we propose the following:
Proposal 1: For UEs with sufficient UTC accuracy, the SIB9 information-based solution can be used by the UE for the time advance estimation of Msg 1.
Proposal 2: RAN2 to specify the potential network assistance mechanisms needed to achieve the required UE timing estimation accuracy as determined by RAN1.
Proposal 3: As baseline for ra-ResponseWindow extension use the solution with 2-bit LSBs of SFN in Msg2, without extension of the RA-RNTI space or modification of the RA-RNTI calculations formula.
Proposal 4: Assuming NTN introduces additional UL payload in MsgA PUSCH should be considered carefully for the impact to coverage and PUSCH resource consumption.
Proposal 5: The availability and accuracy of the TA pre-compensation before sending MsgA PUSCH needs to be evaluated.
Proposal 6: Adaptive 2-Step or 4-step RA type selection mechanism is one possible way to balance the overall resource overhead and fulfill RACH capacity requirement in NTN.
Proposal 7: If HARQ feedback is disabled, to support blind retransmission and improve transmission reliability, one way for UE to start drx-RetransmissionTimerDL(UL) is based on offset scheduled by network via PDCCH, which is beneficial for UE power consumption and keeping scheduling flexibility.
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