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1 Introduction

It has been discussed in RAN1 53bis how to implement the offset for periodic CQI reports such that the configuration can dispense the need of an activation time by using the SFN counter as the sole reference point. If the periodicity of the reporting period is not a factor of 10240 and strict periodicity is necessary, an additional counter to keep the periodicity is necessary, as well as a strict command to indicate when the RRC command  is valid i.e. activation time. 

In this contribution, we study the method only using SFN/subframe counter and not keeping strict periodicity as SFN based approach.
2 Periodic CQI reports and their transmission instances

According to [1], a periodic CQI reporting instance occurs whenever


mod(SFN*10+i,Np) = Noffset
where SFN is the system frame number taken from the BCCH {0-1023}, i is an integer subframe counter within a frame ranging from 0 to 9, NP is the periodicity of the report from the set {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}, and Noffset is the subframe offset for the periodic report from the set {0, −1, −2, …, − ( NP −1)}.

It should be easy to conclude that SFN*10+i therefore results in 10240 distinct values, which is composed of 211*51.

In the following we discuss the effect of this formula on the periodicity of the transmitted contents according to current specifications. Specifically, the original intention of the periodic reports was to maintain a strict periodicity according to the configuration parameter NP. However, due to the SFN-based approach, such a strict periodicity may not be obtainable after an SFN wrap around from 1023 to 0. In our opinion, a strict periodicity is not mandated for LTE for the following reasons:

· For the performance and accuracy of subsequent DL scheduling and link adaptation, a strict periodicity is not required provided that the deviation from the intended periodicity is not excessive

· Even in case deviation is excessive, this would be known fully at the eNB side, which could therefore take counter-measures to use different periodicity and/or offset configurations to avoid the problem

· Furthermore, if the eNB does not want to change the periodic CQI configuraition merely to circumvent the SFN wrap-around deviation issue, it may trigger an aperiodic CQI report at a proper timing to rectify the situation

We show the amount of deviation as the timepsan between two consecutive periodic reports between which an SFN wrap-around occurs.

Periodic WB-CQI/PMI only without RI

In this case, the WB CQI/PMI should be reported every Np = {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. These periodicities can be generalised as intervals of {21, 2{0, 1, 2, 3, 4, 5}*51}. Since 10240 is divisable by all of these periodicties without remainder, a strict periodicity between reports is maintained, regardless of an SFN wrap-around from 1023 to 0.

Periodic WB-CQI/PMI only with RI

In this case, the CQI reporting instances should occur every Np = {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. Every {1, 2, 5, 10, 20, 40} reporting instance should be RI, any other reporting instance should be WB-CQI/PMI.

Consequently, the RI should be reported at intervals {21, 2{0, 1, 2, 3, 4, 5}*51} * {2{0, 1}, 2{0, 1, 2, 3}*51}, i.e. resulting intervals for the RI are up to 28*52 = 6400 ms. Since 52 is no divisor of 10240, after SFN wrap-around it could happen that up to 10240 ms lie between two successive RI reports. It should be noted that we consider such a configuration of RI reports not likely. Assuming a more realistic RI interval of 200 ms, the maximum timespan after SFN wrap-around would be 240 ms, which should still be tolerable for the system.

Periodic WB-CQI/PMI and SB-CQI without RI

In this case, the CQI reporting instances should occur every Np = {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. Depending whether there are J={1, 2, 3, 4} bandwidth parts and depending further on the subband cycle parameter K={1, 2, 3, 4}, every {1, 2, 3, 4, 6, 8, 9, 12, 16} reporting instance should be WB CQI/PMI, any other reporting instance should be SB-CQI.

The WB CQI/PMI periodicities can be generalised as intervals of {21, 2{0, 1, 2, 3, 4}*51} * {1, 2, 3, 4, 6, 8, 9, 12, 16}. Therefore for values K={1, 2, 4, 8, 16} a strict periodicity between WB CQI/PMI reports is guaranteed, but for K={3, 6, 9, 12} a strict periodicity cannot be kept. For the maximum case of nominally 1920 ms between WB CQI/PMI reports, the maximum timespan between two WB CQI/PMI reports after SFN wrap-around can be 2560 ms.

Periodic WB-CQI/PMI and SB-CQI with RI

In this case, the CQI reporting instances should occur every Np = {2ms, 5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. Every {1, 2, 3, 4, 6, 8, 9, 12, 16} reporting instance should be WB CQI/PMI, any reporting instance between WB CQI/PMI should be SB-CQI. Additionally, every {1, 2, 5, 10, 20, 40} WB CQI/PMI reporting instance should be RI, making the calculations for the maximum timespan after SFN wrap-around somewhat ungainly. The worst case would be an RI interval of nominally 160*16*40 = 102400 ms, which evidently is not a proper configuration. 

Again looking for rather realistic desirable intervals for the RI of 200 ms and a corresponding WB CQI/PMI interval of 40 ms, after SFN wrap-around the span between two RIs would be 240 ms, and between two WB CQI/PMI reports it would be 80 ms or 0 ms depending whether the last or first WB CQI/PMI instance is used for RI or not.
	Reporting mode
	Nominal periodicity
	Maximum timespan between reports with SFN wrap-around

	WB CQI/PMI only (Mode 1-x)
	Worst case: 160 ms
	Worst case: 160 ms

	WB CQI/PMI and RI (Mode 1-x)
	Worst case RI: 6400 ms
Realistic RI: 200 ms
	Worst case RI: 10240 ms
Realistic RI: 240 ms

	WB CQI/PMI and SB CQI (Mode 2-x)
	Worst case WB CQI/PMI: 480 ms
	Worst case WB CQI/PMI: 640 ms

	WB CQI/PMI and SB CQI and RI (Mode 2-x)
	Realistic RI: 150 ms
Realistic WB CQI/PMI: 30 ms
	Realistic RI: 190 ms
Realistic WB CQI/PMI: 70 ms


Table 1. Summary of timespans between periodic reports as a result of SFN wrap-around

3 Summary

We have discussed the nominal periodicity and maximum timespans between reporting instances based on SFN, assuming that no CQI reports are dropped. In our opinion, a strict periodicity between reports after SFN wrap-around is not required for the system operation. Furthermore, the eNB should be very aware of this and can take according countermeasures if deemed necessary.

Consequently, we support an SFN-based determination of CQI reporting instances to avoid an activation time within the configuration.
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