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1 Introduction
In the email discussion [1] that was performed after the RAN2#79bis meeting, the following was concluded regarding reporting of periodic CSI/SRS:
1. For the transient phase there was no conclusion of how to handle the reporting of periodic CSI/SRS.
2. For the non-transient phase it was concluded to keep the legacy behaviour of how periodic CSI/SRS is reported when coinciding with another UL transmission and when the UE is not in Active Time.

3. For a subframe where an SR is transmitted, it was concluded that this transmission should not have any impact on whether to transmit periodic CSI/SRS.

4. In case of Carrier Aggregation it was concluded that rules should be introduced for specifying periodic CSI/SRS transmission on a per serving cell basis.
In this contribution we propose a way for how to handle periodic CSI/SRS reporting during the transient phase, and we also discuss whether there is any need for cell specific rules for reporting periodic CSI/SRS.
2 Discussion
2.1 Periodic CSI/SRS reporting at transient period
In the email discussion report [1] the following two alternatives were discussed:

· Optional behaviour:

· Periodic CSI/SRS is optional in the transient period when not coinciding with another HARQ A/N transmission on PUCCH or a transmission on PUSCH.
· Periodic CSI/SRS is mandated for the sudden extension of Active Time case when coinciding with another HARQ A/N transmission on PUCCH or a transmission on PUSCH.

· Periodic CSI/SRS is optional for the sudden stop of Active Time case when coinciding with another HARQ A/N transmission on PUCCH or a transmission on PUSCH.

· Mandated behaviour, where periodic CSI/SRS transmission for subframe n is determined in subframe n-4:

· For all cases of transient period this rule will mandate whether periodic CSI/SRS report shall be transmitted or not transmitted.

We will analyze the differences between these two ways of handling periodic reporting.

2.1.1 Characteristics of optional reports

In this section we will make a general reflection on the characteristics of optional reports:

1. If the optional report is transmitted simultaneously with other UL data, there may be a decoding problem for the eNB.

2. If the optional report is not transmitted simultaneously with other UL data, there is no decoding problem, but the eNB needs to implement DTX detection in order to utilize these reports.

In the contribution submitted to the lastest RAN2 meeting ([2]) Ericsson showed that if CSI/SRS reporting is mandated for the case when it coincides with another UL transmission, both the decoding problem will be avoided and significantly more CSI/SRS subframes, where periodic reports are mandated, will be obtained. This means that another benefit of mandating the reporting, for this particular case, is that for certain DRX configurations, such as using a short drx-InactivityTimer, periodic reporting can be used in practice because there is a sufficient number of useful reports that can be used by the eNB for link adaption.
Hence, we believe that mandating CSI/SRS reporting when it coincides with other UL transmissions is really important for system performance. Therefore we observe that:

Observation 1: Mandating CSI/SRS reporting when it coincides with another UL transmission is important for system performance.
During the email discussion the majority did not want any periodic reports in subframes with UL SPS PUSCH or DL SPS HARQ A/N transmission and when the UE is not in Active Time. We think this behaviour can be adapted for a UE by simply not configuring periodic reports when SPS is ongoing. If companies believe we should anyhow exclude these subframes from the set of subframes where CSI/SRS transmission is mandated, then it is possible to explicitly exclude these subframes for periodic CSI/SRS reporting in the MAC specification:

Observation 2: It is possible to exclude periodic reporting for subframes that are not in Active Time and where UL SPS PUSCH or DL SPS HARQ A/N transmission is performed.
With regards to the other issue of optional reporting – the need for DTX reporting – we believe it has the following drawbacks:

a. The actual DTX detection degrades the quality of the report.

b. It may be difficult in some cases to use the received report at all if the eNB does not know in advance whether the UE has transmitted it or not, because the eNB can not know whether a report is not received due to bad radio condition or has not been transmitted. This defeats the purpose of the report.
c. The eNB can not anyhow be certain that the UE transmits periodic CSI/SRS at all during these optional subframes, and therefore an eNB can not rely on these subframes for receiving sufficient number of reports.

The conclusion from this analysis is thus:

Observation 3: There is minimal benefit of allowing the UE to optionally transmit periodic CSI/SRS.

2.1.2 Sudden extension of Active Time

From the analysis in the email report [1] it is clear that the differences between the optional behaviour and the mandated behaviour are:

1. Optional behaviour:
Transmission of CSI/SRS is optional in 0-3 subframes.

· If the UE transmits CSI/SRS for the optional subframes, this will in most cases be a waste of power and cause unnecessary interference since DTX detection is not likely to be used.
2. Mandated behaviour:
Transmission of CSI/SRS is not done in 0-3 subframes.
· No waste of power and no unnecessary interference.
From this analysis we conclude:
Observation 4: For the unexpected extension of Active Time, using optional behaviour will in most cases result in unnecessary battery usage and cause unnecessary interference.

2.1.3 Sudden stop of Active Time

From the analysis in the email report [1] it is clear that the differences between the optional behaviour and the mandated behaviour are:

1. Optional behaviour:
Transmission of CSI/SRS is optional in 1-4.

· It is not considered likely that a UE implementation will be able to avoid transmission in the two first subframes, since it takes some time before it can adapt its uplink transmission. 

· If the UE transmits CSI/SRS for the optional subframes, this will in most cases be a waste of power and cause unnecessary interference since DTX detection is not likely to be used.

2. Mandated behaviour:
Transmission of CSI/SRS is mandatory for 4 subframes.

· In the last of these subframes there will always be a PUCCH transmitted for the required HARQ A/N, which means the impact on the power usage if periodic CSI/SRS is transmitted in this subframe will be minor.
· All 4 subframes can be used by the eNB as CSI/SRS subframes without the need of any DTX detection.

From this analysis we conclude:
· For the optional case there will always be at least two subframes where CSI/SRS is transmitted (if there is a corresponding opportunity) and this will in most cases be a waste of power since DTX detection is not likely to be used.

· For the mandated case there will always be four subframes where CSI/SRS is transmitted (if there is a corresponding opportunity), where the last of these subframes has minimal impact on the power usage by the UE. All these CSI/SRS subframes are useful for the eNB as measurement reports without DTX detection.

This analysis shows that it is most likely that the mandated behaviour is overall more efficient than the optional behaviour, since an improved link adaptation can be made which leads to more efficient scheduling and lower power consumption.

Observation 5: For the unexpected stop of Active Time, using mandated behaviour will in most cases result in more efficient performance, due to improved link adaptation.
2.2 The handling of the CSI/SRS transmission in relation to CA
In the email discussion report [1] the following two alternatives were discussed:

a) The rules for when to transmit and not transmit periodic CSI/SRS are the same for all serving cells. Hence, either periodic CSI/SRS shall be transmitted for all active serving cells for the corresponding CSI/SRS opportunities, or periodic CSI/SRS shall not be transmitted for any serving cell.
b) Apply the rules for when periodic CSI/SRS is transmitted on a serving cell basis.
We will analyze whether there is any benefit of introducing rules for periodic CSI/SRS reporting on a serving cell basis.

2.2.1 Periodic reports for CSI

CSI reporting can be done either on PUSCH or PUCCH. If CSI reporting is done on PUSCH it is already mandated and we do not see any reason to change this rule.

If CSI is transmitted on PUCCH, it has to be done on the PCell. Furthermore, if PUCCH is transmitted it means that there is no PUSCH transmission done (except for the special case when simultaneous transmission of PUSCH and PUCCH has been configured). Hence, there is no change from the case when we have one serving cell and the case when we have carrier aggregation with many serving cells, since CSI is only transmitted on one cell.
Observation 6: For CSI periodic reporting there is no need to introduce CA specific rules, because the behaviour is anyhow the same as in the single carrier case.

2.2.2 Periodic reports for SRS

In our understanding the only cases we are discussing for periodic SRS transmission in relation to CA is for the subframes that are part of the transient period, because all other cases are already well-defined.
The subframes, where we have this transient period, are related to DRX which is on UE level. Hence, there will be no difference in the subframes for all serving cells when transient period is considered.

Therefore it is difficult to envision having rules that will mandate transmission on some serving cells but not on other serving cells. We also believe that for CA scenarios where the UE has more than one active UL cell, it is important to transmit periodic reports whenever needed, and with a mandated behaviour there will be more useful periodic reports unless DTX detection is implemented, and this, is yet another reason for introducing mandated behaviour.

Observation 7: In a CA scenario it is important to have a mandated behaviour for periodic CSI/SRS reporting because this will give more useful reports, without the need for DTX detection.

3 Conclusion

We have shown that there is a clear benefit of using mandated reporting of periodic CSI/SRS. Therefore we provide the same proposal given in our contribution submitted for the lastest meeting ([2]):
Proposal 1: If subframe n was not in Active Time, as evaluated when subframe n-4 has been processed, then in subframe n periodic CSI on PUCCH and periodic SRS shall not be transmitted.
Note that this proposal is just a special case of the existing note in the DTX section (5.7) in the MAC specification. This means that a UE that complies with this proposal will also comply with the legacy behaviour. Hence, we will improve the system without causing any backwards compatibility issues.
We have also shown that it is beneficial for system performance by always transmitting periodic CSI/SRS if it happens to coincide with another UL transmission. However, we only think there is a benefit if the CSI/SRS transmission coincides with another HARQ A/N on PUCCH or a transmission on PUSCH. Therefore we propose:

Proposal 2: If a HARQ A/N on PUCCH or a transmission on PUSCH is done in the current subframe, then periodic CSI/SRS shall not be excluded from transmission in this subframe.
Note that with these proposals, the existing note given in the DRX section of the MAC specification, which gives the UE optional behaviour for the periodic CSI/SRS reporting, can be removed.

See the CR [3] for a proposal on how the MAC specification may be updated according to what is suggested in this document.
In the email discussion there was a majority of companies that wanted to not transmit periodic CSI/SRS in subframes with UL SPS PUSCH or DL SPS HARQ A/N transmission when the UE is not in Active Time. We have therefore reflected this view in the proposed CR. However, we would like to continue to discuss the limitation that periodic reports are not transmitted during these SPS subframes, because we believe this limitation makes it more difficult to use periodic reports together with SPS.
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