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1. Introduction
In the current SDT WID [1], the performance part only includes the following:
	
1. Specify RRM test cases. 




Although the WID only includes RRM test requirements, in this paper we discuss the need for RAN4 to also consider BS demodulation performance requirements for CG-SDT.
This issue was discussed at RAN#94e and it was concluded the following as per RAN#94e report and RP-213621:
	Potential need to define BS demodulation requirements (and related conformance testing needs) for SDT will be re-addressed by RAN at a later point in time once RAN4 defined the UE RRM requirements



The conclusion assumed that no BS demodulation requirements would be needed, if the defined UE RRM requirements ensured that there would be no issue with (i.e., increase of permissible) transmission frequency/timing errors. In other words, no BS demodulation requirements might be needed, if the UE would operate with similar frequency/timing errors as compared to Rel-15/16 PUSCH transmissions. Despite the details may be open, as per the workplan decided at RAN4#101-e, the UE RRM requirements for CG-SDT address the following aspects:
1. TA validation
2. UE synchronization
3. UE transmit timing
Therefore, in this paper we analyze transmission frequency/timing errors associated with CG-SDT assuming the above requirements.

1. RSRP based TA validation
A UE can only use CG-SDT if its stored TA is valid. For this purpose, RAN1 and RAN2 have defined the RSRP based TA validation criterion, which enables the UE to determine, or rather estimate, whether the stored TA is valid.
In the figure below, the timeline of such TA validation is shown. The UE receives a TA at time T1, and performs a reference RSRP measurement, RSRP1. Prior to transmission using CG-SDT, the UE has to perform TA validation using a second RSRP measurement, RSRP2, that is compared to RSRP1. If the difference between RSRP2 and RSRP1 falls within a configured threshold window, the UE considers the TA valid and may perform transmission using CG-SDT. 
The thresholds defining the window can be configured by the gNB and can be fine-tuned considering two objectives: 
· On one hand, if the threshold window is small, there is high degree of certainty that the TA of the UE is still valid, however not many UEs will pass the test for the TA validation, and the percentage of UEs using the feature will be small. 
· On the other hand, if the TA threshold window is large, many UEs could be benefiting from the use of CG-SDT, but this also increases the probability that a UE will experience timing offset variation that is not compensated. I.e., BS demodulation performance issues become more likely.


Figure 1 RSRP based TA validation

Even when the UE considers the TA valid, the UE transmission of PUSCH on the CG-SDT resource may be affected by a certain time offset caused by the following factors:
· Inaccuracy in RSRP measurements
· UE movement
· TA command granularity
· UE transmit timing error
· Time offset margin allowed by the TA validation criterion based on the values of the RSRP thresholds.
If the UEs time offset is too high, i.e., compared to the Cyclic Prefix (CP), the BS may be challenged in decoding the PUSCH correctly. Higher SCS values, such as in multibeam FR2 scenarios, are most sensitive to this.
To keep the time offset low, the network may configure the RSRP thresholds to smaller values, at least when high SCS are used. However, small RSRP thresholds may cause too many false negative detections at the UE, i.e., cases where the UE considers the TA invalid, but the actual time offset would in fact have accomplished a successful transmission.
In the following, we analyze the allowed time offset margin that will be inevitably present even when the TA is deemed valid (as per the TA validation criterion) and show how this is based on the values of the RSRP thresholds.

Simulations results to show the impact of the RSRP threshold are given in Figure 2, where RSRP threshold window for the TA validation criterion is varied from 1 to 10 dB. The results are for the FR2 scenario from [4], UE speed of 30km/h, 120 kHz SCS. In this plot, the ratio of true positive indicates how many UEs with timing offset variation smaller than 25 % of the CP were accurately detected. The ratio of false negatives indicates the percentage of UEs with timing offset variation larger than 25% of the CP that were incorrectly detected as having a valid TA. The simulations show that to achieve an acceptable high rate of true positive (e.g., 80%), the RSRP threshold window may need to be configured to a large value (~7 dB), but this results in the fact that the number of false positive detections increases, i.e., the cases where the UE considers the TA valid, but the time offset is actually large enough to cause degraded transmission, if no compensation is assumed on BS side.
For the results shown in Figure 2, the following definitions are used [5]:
True positive rate: The proportion of TA validations, where the TA is detected valid and where the actual time offset (TO) is within the specified TO threshold ().
False positive rate: The proportion of TA validations, where the TA is detected valid, but the actual time offset (TO) is larger than the specified TO threshold ().
Where TP is the total number of true positive, FN is the total number of false negative, FP is the total number of false positive, and TN is the total number of true negative. 
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[bookmark: _Ref92370452]Figure 2 False positive rate vs True positive rate, TO threshold: 25% of CP, number of SSB beams averaged: 1 
(note: similar results are observed when increasing the number of averaged SSB beams)

In these simulations, we assume that a TO larger than 25% of CP would introduce degrading of PUSCH decoding at BS side (assuming no compensation is applied). We note that for FR2 120 kHz SCS, the allowed transmit timing error from TS 38.113, 7.1.2, is 114 ns, which alone may introduce a base TO of 19% of CP.
A larger RSRP threshold window may need to be set for CG-SDT to be useful at high SCS values, which in turn increases the number of false positive TA validations.
The UE transmit timing error as currently defined in TS 38.133, 7.1.2, allows a time offset of 19% of CP for FR2 120kHz SCS, which does not account for UE movement unless there is a new TA command. 

Based on the above results and considerations, it is evident that even when the UE complies with UE RRM requirements for CG-SDT (i.e., evaluates its stored TA valid, is DL synchronized and complies with the transmission timing error requirement), the UE transmission of PUSCH on the CG-SDT resource may be affected by a certain time offset, which is newly introduced by the CG-SDT operation.
Compensation of such time offset could be introduced at UE side, e.g., by tightening the UE requirements for transmit timing error. However, a simpler approach would be to define requirements for BS decoding of the CG-SDT PUSCH transmission, such that performance of CG-SDT can be guaranteed also for high SCS values with additional absolute TO error coming from reasonable SDT operation.
RAN4 to discuss the need to introduce requirements for CG-SDT to ensure the performance of CG-SDT, based on the expected absolute timing error performance of RSRP based TA validation.
RAN4 to discuss at least the following options: 
a) Introduce UE timing compensation requirements based on TA validation for CG-SDT, and 
b) Introduce BS performance requirements to ensure performance of PUSCH decoding for CG-SDT.

Conclusions
This paper has presented Nokia’s views on CG-SDT requirements. From the discussion, we have derived the following proposals:
1. RAN4 to discuss the need to introduce requirements for CG-SDT to ensure the performance of CG-SDT, based on the expected absolute timing error performance of RSRP based TA validation.
RAN4 to discuss at least the following options: 
a) Introduce UE timing compensation requirements based on TA validation for CG-SDT, and 
b) Introduce BS performance requirements to ensure performance of PUSCH decoding for CG-SDT.
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