
3GPP TSG RAN WG1 #105-e                                                                              R1-2104778
e-Meeting, May 10th-27th, 2021

Source:
OPPO

Title:
Discussion on enhancement to time and frequency synchronization

Agenda Item:
8.15.2

Document for:
Discussion and Decision

1. Introduction

In the last meeting, we had extensive discussions on the synchronization relevant issues and the following agreements were made [1]. 

Agreement:
· Capture in TR 36.763, moderator’s summary of GNSS Position fix impact on UE power consumption based on Appendix A Section 5.1

· Capture in TR 36.763, individual companies battery life analysis in Appendix A

Agreement:
UE pre-compensation done per N time units for long PUSCH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N

Agreement:
UE pre-compensation done per N time units for long PRACH is the baseline solution. 

· The pre-compensation does not vary within a block of N time units

· FFS: the definition and value of N

Agreement:
For DL synchronization in the Rel-17 timeframe, the following should be considered

· New Channel raster with a step size increased to be greater than 100 kHz 

· (part of) ARFCN-indication-in-MIB

Agreement:
Capture the following in the TR:

The required power consumption to read SIB containing satellite ephemeris information for the short sporadic connections use case is not significant. 

· Note: For this conclusion, it is assumed that the UE need not read broadcast SIB for the purpose of obtaining satellite ephemeris information in CONNECTED mode.

In this contribution, we further discuss some of the items that were already discussed in the last meeting but have not yet reached consensus. We hope that our contribution may help to reach possible consensus on the enhancements for IOT-NTN.

2. Discussion

2.1. Discussion on GNSS measurement window

In NTN system, its long propagation delay is an obvious difference compared with terrestrial network. Relevant details and enhancement schemes have been discussed in NTN. For NB-IoT/eMTC, since Rel 17 is focused on the “short, sporadic connection” case, so how to deal with long propagation delay is an important issue for the enhancement aspect. 

In fact, from the experience of the NR-NTN work, the pre-compensation of TA and Doppler shift is partially relied on UE GNSS position fix. In NB-IOT for idle UE, there is a measurement gap between WUS and the corresponding paging occasion. The gap is used for UE to adjust the DL synchronization before monitoring paging. It is not clear yet in NTN system, the UE needs to adjust the DL synchronization using GNSS position fix, which may depend on the implementation. In our understanding, if the UE DL synchronization relies on the GNSS position fix, then a GNSS measurement gap may be needed. However, if the DL synchronization does not need an updated GNSS position fix, the UE may perform GNSS measurement after detecting the paging. 

Proposal 1: For idle UE, if the DL synchronization before paging monitoring relies on an updated GNSS position fix, a GNSS measurement window is needed; otherwise, it may be left for UE implementation to update the GNSS position fix. 

For connected phase, the need for GNSS measurement is up to UE status and the duration that the UE remains in connected phase. For example, if the UE mobility is high or the UE remains connected phase during long period, the GNSS position fix also needs to be updated. Moreover, the network has to have full knowledge of the location for UE GNSS measurement due to the constraint that GNSS module and IoT module cannot be activated simultaneous. However, for R17 aimed service, e.g. short sporadic transmission without high velocity, the GNSS measurement may not be needed. 

Proposal 2: For devices targeting low velocity and short sporadic transmission, GNSS measurement may not be needed in connected phase.  

2.2. Long UL Transmission on PUSCH and PRACH

Based on 104bis-e agreement, for the long transmission on PUSCH and PRACH, UE pre-compensation done per N time units and the pre-compensation does not vary within a block of N time units.

long UL Transmission on PUSCH

In NB-IoT, the duration of one slot is 0.5ms in SCS 15kHz and 2ms in 3.75kHz. Considering the TA drift in LEO 600 km is 20 us/s,  resulting in a TA drift of 10ns in slot 0.5ms and 40ns in slot 2ms. A sample interval in NB-IoT system is about 32.5ns (=1/(15khz*2048)), so the maximum conflicting samples between two consecutive slots may be up to  0.3 (=10ns/32.5ns) in one slot 0.5ms and 1.2 (=40ns/32.5ns) in one slot 2ms as depicted in Fig. 1. The sample conflicting can be resolved by reducing the CP samples, which in general, does not degrade the transmission performance as long as the remaining CP covers the delay spread and the potential timing offset between multiplexed UEs.  Therefore, when the N time unites are getting longer, more CP samples need to be discarded, leading to a more severe performance degradation. When the N time unit has a long duration, the CP length should not be further comprised. A possible solution is to add a gap, which can be set to a maximum conflicting duration. 

Observation 1: when N time unit gets longer, the CP length will be compromised to avoid the sample conflicting between two consecutive N units. 
Proposal 3: The duration of N time units should be carefully analyzed to avoid performance degradation. 

Proposal 4:  a gap may be considered between two groups of N time units to avoid performance degradation, when N time unit has a long duration.


Figure 1: conflict of data transmission

Long UL Transmission on PRACH

For PRACH transmission, the basic repetition unit consists of four symbol groups with frequency hopping. The achievable coverage should be designed to be balanced among these four groups. In this case, if the TA pre-compensation is conducted at symbol group level, i.e. N time unit = one symbol group and if there is gap between consecutive symbol groups, this might end up with imbalanced achievable coverage. In this regard, we think a gap is needed between consecutive N time units.  

For PRACH transmission, the N time units may be 1 symbol group or 1 repetition unit. 

Proposal 5: For TA pre-compensation for long PRACH transmission, a gap is needed between consecutive N time units to avoid imbalanced achievable coverage. 

Proposal 6: For TA pre-compensation for long PRACH transmission, N time units may be 1 symbol group or 1 repetition unit. 

3. Conclusion

In this contribution, we have discussed some follow-up issues from the last meeting and the following proposals are presented for RAN1 to consider 

Observation 1: when N time unit gets longer, the CP length will be compromised to avoid the sample conflicting between two consecutive N units. 
Proposal 1: For idle UE, if the DL synchronization before paging monitoring relies on an updated GNSS position fix, a GNSS measurement window is needed; otherwise, it may be left for UE implementation to update the GNSS position fix. 

Proposal 2: For devices targeting low velocity and short sporadic transmission, GNSS measurement may not be needed in connected phase.  

Proposal 3: The duration of N time units should be carefully analyzed to avoid performance degradation. 

Proposal 4:  a gap may be considered between two groups of N time units to avoid performance degradation, when N time unit has a long duration.

Proposal 5: For TA pre-compensation for long PRACH transmission, a gap is needed between consecutive N time units to avoid imbalanced achievable coverage. 

Proposal 6: For TA pre-compensation for long PRACH transmission, N time units may be 1 symbol group or 1 repetition unit. 
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