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Introduction

The following assumption, FL proposal, and FL recommendations pertaining to enhancements on UL frequency synchronization for non-terrestrial networks (NTN) were reached in RAN1#104-bis-e [1]. No agreements on frequency synchronization were given in [1]:

	Working assumption:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated in a way transparent to UE.

FL Proposal:
RAN1 should investigate whether a solution is possible where the gateway and/or satellite-payload compensate the common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error for both Downlink and Uplink in a way transparent to the UE and gNB.
FL Recommendation:

Companies are encouraged provide inputs to RAN1#105-e regarding the granularity and how to indicate the amount of frequency compensation when DL frequency compensation for the Doppler on service link is applied.

FL Recommendation:
Wait until progress is made on common Doppler shift pre/post compensation on the feeder link before to discuss the necessity of indicating a common compensation frequency offset to be applied by the UEs on Uplink.
FL Recommendation:
On potential support of closed-loop frequency control, wait until more progress is made on the issues related to the accuracy of UE pre-compensation.



This contribution considers enhancements on UL frequency synchronization for NTN based on the above agreements and open issues. 

Enhancements on frequency synchronization
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Figure 1: Forward and Reverse Link Frequencies.

The various frequencies in the forward and reverse links are indicated in Figure 1. In that figure:
fG = frequency of the signal transmitted from the gateway.
fD,GN = Doppler frequency from the gateway to the NTN node.
fM,FS = Change in frequency due to remodulation, feeder link to service link.
fD,NU = Doppler frequency from the NTN node to the UE.
fU,r = receive frequency at the UE.

fU = frequency of the signal transmitted from the UE.
fD,UN = Doppler frequency shift from the UE to the NTN node.
fM,SF = Change in frequency due to remodulation, service link to feeder link.
fD,NG = Doppler frequency shift from the NTN node to the gateway.
fG,r = receive frequency at the gateway.

In this document, an NTN node can be a satellite or an airborne vehicle such as a HAPS. 
We therefore have the relationships:
fU,r = fG + fD,GN + fM,FS + fD,NU
fG,r = fU + fD,UN + fM,SF + fD,NG

The concept of a frequency reference point was discussed for a while without reaching an agreement. A summary is provided in [1]. We do not see a need for a frequency reference point at this time. 

On notation for frequency pre/post compensation: We incorporate the various pre/post compensation amounts into the already defined frequencies, e.g. pre-compensation at the gNB/gateway simply changes fG somewhat. Therefore, we do not develop new notation for these quantities. 

Forward link:
We note that [2] limits the scope of work to UL frequency synchronization. However, as downlink frequency synchronization issues have been discussed in [1] and past RAN1 meetings, we address it here in this document.

Observation 1: gNB/gateway pre-compensation for fD,GN may be necessary in some NTN systems, such that there is frequency synchronization meeting their requirements at the feeder link side of the NTN node. 

Some NTN satellites may receive feeder link signals from multiple geographic locations with multiple Doppler offsets. We do not know at this time if a single uplink source to an NTN service satellite is preferred or even practical for all systems of interest. Systems such as Starlink or OneWeb may involve multiple uplink signals from different geographic locations and may carry 5G and non-5G traffic. Therefore, they may need and require frequency pre-compensation for fD,GN to facilitate proper reception and frequency synchronization at the satellite. Pre-compensating for fD,GN involves accurately tracking this Doppler, which involves accurately tracking the satellite ephemeris. Beyond that, we do not see a complexity issue, and this seems practical.

NTN node post-compensation for fD,GN involves tracking the Doppler, and signaling compensation to the gNB. All of this means complexity. Typically, complexity at the NTN node is less desirable than at the gNB due to limitations of the NTN platform (the need to minimize weight, heat dissipation, flight qualifying hardware, etc).

However, we see pre-compensation at the gNB/gateway, and post-compensation at the NTN node for fD,GN as an implementation issue. Any signaling needed between the NTN node and the gateway to manage this is also an implementation issue. Provided this is done accurately enough, we do not see a need for signaling to the UE. But, any residual fD,GN that is not pre-compensated/post-compensated before the service link will cause signaling and signal acquisition issues to the UE.

We therefore concur with [1] section 10.3.

gNB/gateway pre-compensation for fD,NU is not practical if the entire satellite serviced region (the ground) is one cell. All UEs need to access the SSB. Since the UEs have different fD,NU’s, this cannot be accommodated at the gNB/gateway. It is practical if individual beams (or regions) of the serviced region are separate cells. However:

Observation 2: gNB/gateway pre-compensation for fD,NU may be disallowed in some NTN systems, as they may have frequency synchronization requirements at the feeder link side of the NTN node. 

Again, this is due to the discussion in the paragraph following Observation 1.

NTN node pre-compensation for fD,NU is possible. The amount of pre-compensation needed might even be derived from the beam boresight. Such a scheme leaves us with an NTN node complexity issue, a pre-compensation accuracy issue as the NTN node may have more limited accuracy, and a signaling issue in informing the gNB/UE of what the NTN node is doing. These things are not trivial. Another alternative is to not pre-compensate for fD,NU, and perform post-compensation at the UE. This is discussed below.

UE post-compensation for various frequency offsets, fD,NU in particular: The FL summary from 104-e [3] discusses pre-compensation to reduce PSS/SSS search space. From [4], pages 3-4, “Note however that in a multiple access scenario, post-compensation can only be applied to one reference location, and thus orthogonality of OFDMA may not be guaranteed for signals from different locations.” [5], section 2, states “It can be found that with implementation of frequency sweeping at UE side (with the granularity of one SCS), even without pre-compensation of frequency offset per beam, promising performance can be achieved for most of cases,” and gives a table of simulation results. We did not find further discussion as to how long the PSS/SSS search will take without pre-compensation, and what is the increase in UE complexity if any, and so forth in any of the 8.4.2 contributions and summaries, or in [6] and references 43-48 of [6].

We see things differently. 

Observation 3: If the UE is already communicating with a 5G network (NTN or terrestrial), we expect sufficient information about the satellite (location, velocity, frequency, etc) to be communicated before handover so that along with Doppler prediction, the UE will know the expected receive frequency. In these scenarios, the PSS/SSS search space concern does not apply.

Observation 4: The PSS/SSS search space concern applies when the UE is performing initial 5G network access, and therefore does not have sufficient information to predict the expected receive frequency. In this scenario, a slight delay in establishing a link due to PSS/SSS searching is more tolerable as compared to a handover situation, as this is part of a less-critical start-up delay, and we are not interrupting ongoing communications. Further, during this time, the UE will likely have comparably greater resources to perform the PSS/SSS searching as it is not otherwise decoding the 5G signal.

Observation 5: During initial access, the UE will receive sufficient information in the MIB/SIB to determine the locations of all relevant satellites that may wish to transmit to the UE even using CA. Provided there is sufficient bandwidth between the transmission bandwidth configurations to accommodate Doppler, post-compensation of all signals seems practical. Any Doppler error after the receive FFT can be grossly adjusted to within half a subcarrier spacing error by an integer shift in the subcarrier number. Any remaining error will need further interpolation. However, as the UE will need to post-compensate for each transmission bandwidth configuration anyhow, since perfect pre-compensation is unlikely, this may involve little change in UE complexity.

Proposal 1: Unless we have further evidence the UE PSS/SSS search on initial access takes an unacceptable amount of time, perhaps more than “a few” seconds, greatly increases UE complexity, or is otherwise shown to be seriously detrimental, we propose UE post-compensating for fD,NU, and avoid gNB/gateway or serving satellite pre-compensation for fD,NU. In this way, we avoid the signaling issues involved here as well as any implementation complexities for fD,NU pre-compensation .

The hope with transparent satellites is to facilitate more NTN service providers carrying 5G traffic. Adding complexity and requirements to the satellite portion works against this hope. We are also launching into extra work on our part for signaling for this pre-compensation as well as complexity on the gNB/gateway or even the satellite in performing this pre-compensation. We would hope this is further justified with the UE complexity concerns before proceeding down this path.

Return Link:
It has been agreed upon that UEs shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation, counter shifting for fD,UN. If the UEs only pre-compensate the difference in Doppler on its beam relative to UEs on the same beam, multiple issues result. There may be greater interference at the NTN node from spatial filtering that assumes good frequency pre-compensation. Post-compensation at the NTN node involves complexity, must be done for all UEs, and may involve signaling to the gNB. 

We therefore support each UE pre-compensating all of fD,UN.

Whether the NTN node pre-compensates for fD,NG we leave to the implementation. We expect NTN service providers to be aware of the Doppler issues and any signaling issues between the NTN node and the gateway/gNB.

Conclusions

In this contribution, we discussed several enhancements on UL time and frequency synchronization for NTN.  Our observations and proposal are summarized as follows.

Observation 1: gNB/gateway pre-compensation for fD,GN may be necessary in some NTN systems, such that there is frequency synchronization meeting their requirements at the feeder link side of the NTN node. 

Observation 2: gNB/gateway pre-compensation for fD,NU may be disallowed in some NTN systems, as they have frequency synchronization meeting their requirements at the feeder link side of the NTN node. 

Observation 3: If the UE is already communicating with a 5G network (NTN or terrestrial), we expect sufficient information about the satellite (location, velocity, frequency, etc) to be communicated before handover so that along with Doppler prediction, the UE will know the expected receive frequency. In these scenarios, the PSS/SSS search space concern does not apply.

Observation 4: The PSS/SSS search space concern applies when the UE is performing initial 5G network access, and therefore does not have sufficient information to predict the expected receive frequency. In this scenario, a slight delay in establishing a link due to PSS/SSS searching is more tolerable as compared to a handover situation, as this is part of a less-critical start-up delay, and we are not interrupting ongoing communications. Further, during this time, the UE will likely have comparably greater resources to perform the PSS/SSS searching as it is not otherwise decoding the 5G signal.

Observation 5: During initial access, the UE will receive sufficient information in the MIB/SIB to determine the locations of all relevant satellites that may wish to transmit to the UE even using CA. Given the UE has locked on to the carrier from a serving satellite, and has the locations of the other relevant satellites, the UE can adequately post-compensate for all signals, provided there is sufficient guard band between the transmission bandwidth configurations. As the UE will need to post-compensate for each transmission bandwidth configuration anyhow, since perfect pre-compensation is unlikely, this may involve little change in UE complexity.

Proposal 1: Unless we have further evidence the UE PSS/SSS search on initial access takes an unacceptable amount of time, perhaps more than “a few” seconds, greatly increases UE complexity, or is otherwise shown to be seriously detrimental, we propose UE post-compensating for fD,NU, and avoid gNB/gateway or serving satellite pre-compensation for fD,NU. In this way, we avoid the signaling issues involved here as well as any implementation complexities for fD,NU pre-compensation .
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