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1. Introduction
 The IAB-MT frequency error requirement was discussed in the last meeting, but there were still some different views [1] that if it should follow UE or BS requirement. This contribution provides more justification to support the view that MT should follow UE requirements.
2. Discussion
According to the discussion in the last RAN4 meeting, it seems the understandings of several technical issues are not aligned. Although we have provided the consideration of the mobile IAB scenario, MT must follow parent Node’s frequency to compensate the Doppler shift thus defining relative frequency error is the correct approach. However, there could be some comment that R16 IAB focus on the fixed node scenario. We further provide our understanding here to clarify the issues raised in the last meeting in order to make the MT frequency error requirement definition being clearly justified.
2.1 Synchronization source
As indicated in [2], RAN1 discussed IAB OTA timing mechanisms to align IAB nodes/Donor’s DL Tx timing. This timing mechanisms guarantee the synchronization across multi-hop IAB network. For multiple parents, RAN1 approved the following,
· In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing,
· According to RAN1 #96bis agreement, whether T_delta is a “target value” or an “actual value” is up to parent node implementation.
· An IAB node with multiple parents treats each parent as a separate synchronization source. The IAB node can also treat GNSS (if used) as a separate synchronization source. 
· It is up to implementation how an IAB node determines its DL-Tx timing from multiple tentative DL-Tx timing, each of which is derived based on one synchronization source. 
Therefore from timing synchronization point of view, MT’s timing should behaves like UE (i.e. track downlink receive timing and adjust uplink transmit timing using the provided TA command), DU’s timing should be adjusted according to IAB specific mechanism though the above fist bullet mechanism. According RAN1 mechanism, there should be 3 timing mechanisms: DL-Rx (MT to parent Node), UL-Tx(MT to parent Node) and DL-Tx/UL-Rx (DU to UE). Then we can have the conclusion that 
Observation 1: RAN1 timing mechanisms assume MT timing should refer parent node, and DU should be synchronized with parent node. 
As the time mechanism is highly related to how to design the clock system, which also relates to carrier frequency, we can have the understanding that the MT clock system performance should follow UE performance thus the MT carrier frequency should follow parent’s carrier frequency. We had the observation that MT and DU should use the independent clock system implementation. It may not be very accurate especially for the hardware part in the fixed IAB node. How to compensate the frequency error depends on the hardware performance and how the frequency offset is corrected. Some implementation may use Baseband frequency shift to correct part of the frequency offset or the whole offset if the total frequency offset is not very large and the hardware performance is relatively good. The hardware being shared or not can be left to the IAB implementation.
If the absolute frequency error is used, it may be ok for Macro parent node and wide area MT. According the BS requirement, the frequency error requirement is +/- 0.05 ppm for macro Node B. If MT absolute error is also +/- 0.05 ppm, then relative frequency error according to the parent node is +/- 0.1 ppm, which is same with UE. However, for the micro/pico, MT relative frequency error according to the parent node is +/- 0.2 ppm with the both parent and MT absolute frequency error is +/- 0.1 ppm. Therefore, it’s not correct to define absolute frequency error for MT.
Observation 2: Defining absolute frequency error requirement will make relative frequency error between MT and parent node to be +/- 0.2 ppm.
2.2 BS/UE DEMOD performance test
There were some discussion in the last meeting that BS demodulation performance test assumes UE frequency error, UE needs to keep the relative frequency error in the limited range [5]. The logic in [5] may not be understood very easily, therefore we consider this issue in aother angle. When the BS DEMOD performance is tested, BS receives the input signal which travels through the channel model. The channel model combines with Doppler frequency but no frequency error. Our understanding is that the performance requirement may not explicitly consider the frequency error because it’s not the DEMOD scope. But actually frequency error is in the test configuration. In the test environment configuration as very similar in the figure 2 in [6], reference frequency is provided from the test equipment to BS. According to BS frequency error performance, the DEMOD test actually includes frequency error performance in some level, but it’s not the exact UE frequency error performance if we consider the BS macro frequency error requirement and the UE frequency error requirement.
Actually, UE DEMOD performance includes UE frequency error performance. When the test equipment transmit DL signal to UE, UE does frequency error correction to test equipment using the same algorithm with what is done to follow BS. In the real implementation, UE follows BS with a relative low residual frequency error as said in TS 36.922
“According to the OFDM performance analysis, as long as the residual frequency error after compensation is less than one percent of the subcarrier interval, the link performance degradation can be ignored.”
If we consider the 15KHz SCS, one percent is 150 Hz which is 0.1 ppm for 1.5 GHz and less than 0.1 ppm of the higher carrier frequency. For higher modulation such as 256 QAM, the residual frequency error should be much smaller. Therefore, in order to support high modulation, UE frequency offset correction algorithm should make the residual frequency error less than +/- 0.1ppm. The UE frequency offset correction algorithm follows BS carrier frequency through DL signals that’s why the UE frequency error should be defined as relative frequency error not absolute frequency error.
Considering IAB-MT case, IAB-MT should also support high modulation and Doppler shift (if mobile IAB is considered), then MT should also include frequency offset correction algorithm and take IAB parent node’s frequency as reference. Some other consideration that defining MT frequency error as absolute frequency error, even MT requirement is defined as stringent as +/- 0.5 ppm, the relative frequency error between MT and macro area DU is +/- 0.1 ppm, which is not good enough to support high modulation. Considering the extra 400Hz Doppler frequency in TS38.101-4 performance requirement, it definitely can’t work.
Observation 3: IAB-MT should include frequency offset correction algorithm and take IAB parent node’s frequency as reference to support high modulation and mobility.
With above observation, the following proposal should be approved,
Proposal: IAB-MT frequency error requirement should be defined as relative requirement as ± 0.1 PPM.
3. Conclusion
This contribution provides our further analysis on how to define IAB-MT frequency error requirement. The following observations and proposal are made,
Observation 1: RAN1 timing mechanisms assume MT timing should refer parent node, and DU should be synchronized with parent node. 
Observation 2: Defining absolute frequency error requirement will make relative frequency error between MT and parent node to be +/- 0.2 ppm.
Observation 3: IAB-MT should include frequency offset correction algorithm and take IAB parent node’s frequency as reference to support high modulation and mobility.
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