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1 Introduction
At RAN2#75 it was agreed for Rel 8 and 9 to make it optional for the UE during a transition period to send CSI on PUCCH and SRS in the case of a sudden stop of DRX active time [1][2]. The solution was chosen to have minimum impact on legacy devices while addressing an important problem. For Rel 10, solutions offering better performance were discussed because the solution adopted for Rel 8 and 9 only addresses the problem of allowing the UE sufficient time to adapt to upcoming UL transmissions. It does not address the problem of the eNB not knowing what the UE will send during the transition period of a sudden DRX state change; in fact, the solution adopted for Rel 8 and 9 increases the number of times such decoding ambiguity will occur, hence enlarging the problem. 
This contribution looks into the details of the problems with the current solution for Rel 8 and 9 and proposes an improvement in Rel10 to make the uplink transmissions more deterministic, and to increase user and system bitrates while avoiding unnecessary complexity in the eNB.
2 Discussion
There are two use cases to consider: 

1. sudden or unexpected prolongation of active time
a PDCCH is received in the last subframe(s) of active time starting drx-InactivityTimer

2. sudden or unexpected end of active time
a PDCCH is received stopping drx-RetransmissionTimer or mac-ContentionResolutionTimer (while no other DRX timer or mechanism keeps the UE in active time), or a DRX command MAC CE is received
In this document both of these cases are referred to as “sudden DRX state change”. Hence it indicates a DRX state change from active time to non-active time, or vice versa, which was not known before the reception of a PDCCH or a MAC CE.
The issues with sudden DRX state change have been partly solved in Rel 8/9, allowing the UE sufficient time for adapting the UL transmission for CSI and/or SRS. However, the solution adopted in Rel 8/9 allows the UE a transition period, from subframe n+1 to subframe n+4, where n is the subframe where the sudden DRX state change occurred, and where it is optional for the UE to send CSI and SRS. This means that the eNB cannot know whether CSI or SRS is sent during this transition period.
In general, it is not a big problem for the eNB if it does not know whether CSI or SRS has been sent or not, because eNB can detect whether a transmission has occurred or not. But there is a problem if there is a simultaneous transmission for another reason coinciding with a CSI or SRS, as listed below:

· periodic CSI + HARQ A/N for DL transmission
· SRS + UL tx on PUSCH
See the “eNB decoding problems” annex for more details about these cases.

Another issue with the current solution is that the transition period has been set to up to four subframes. This is an unnecessary long time period since the UE anyhow must be able to react within four subframes for other reasons, like PDCCH grants and assignments. Therefore we propose that the optional period of sending CSI and SRS after sudden DRX state change is set to 3 subframes. One unnecessary complication with a four subframe transition period is that if the sudden DRX state change was triggered because of a downlink assignment, this transmission will be acknowledged in the fourth subframe and it would be unfortunate to have this common case not strictly defined for exactly what the UE is expected to send.
Observation 1: A DRX transition period of three subframes is sufficient  because a UE will be able to adapt its uplink transmission at the fourth subframe.
2.1 Problems with the current solution

The current solution has the following problems:

1. If a CSI and/or SRS transmission coincides with another transmission on PUCCH or PUSCH, then this causes decoding problems for eNB. This can be handled in different ways:
· No special handling in eNB. This will cause a performance degradation because of a number of incorrectly decoded PUCCH HARQ A/N (in case of periodic CSI + A/N), or incorrectly decoded PUSCH transmissions (in case of SRS + UL tx on PUSCH). 

· An incorrectly decoded PUCCH HARQ A/N will lead to a HARQ retransmission, or if unlucky, an RLC retransmission. 

· An incorrectly decoded PUSCH transmission may corrupt the soft buffer, definitely causing an RLC retransmission.
· Always set the cell SRS bandwidth to the full cell bandwidth and always configure UEs such that A/N+CSI are not multiplexed. This excludes configurations previously considered useful.

· Implement complex scheduling rules in eNB to avoid the problematical cases to happen. This will effectively mean that some subframes cannot be used to schedule a certain UE, although the UE is monitoring the PDCCH. This will limit the user bitrate and the system efficiency.
· Special usage and configuration of DRX. This effectively removes configurations and mechanisms that RAN2 has spent considerable time to design.

· Implement double decoding in the eNB to be prepared for both cases. This will make the network implementation unnecessary complex.
2. If the UE chooses to always send CSI/SRS in the transition period, then this may cause unnecessary usage of battery resources and unnecessary interference, in case the eNB ignores the report.
3. If the UE chooses to never send CSI/SRS in the transition period, then this means that a CSI or SRS report opportunity cannot be used even if the UE anyhow has to transmit during this subframe. This means that it will take longer time for eNB to perform its link adaptation.
2.2 Potential solutions

This chapter proposes three different solutions for solving the problems described in this document.
In the transition period after a sudden DRX state change, and if the corresponding transmission is due, then do as follows (x is number of subframes after a sudden DRX activity change):

1. Allow the UE to optionally transmit/not transmit CSI and/or SRS, for a transition period,
except when the CSI and/or SRS coincides in time with any other UL transmission, in which case CSI and/or SRS is sent irrespective of active time.
· It is unknown for eNB whether the UE has sent CSI/SRS in the transition period if it does not coincide with another UL transmission. This, however, is not considered a problem because eNB can anyhow detect UL transmission by checking the UL energy.
· Simple to implement in the UE because the UE is still allowed to send CSI/SRS in all cases during the transition period, but it can optimize this behaviour by only sending CSI/SRS if it coincides with another PUCCH or PUSCH transition.

2. Mandate the UE to transmit CSI and/or SRS during the transition period.
· Requires the UE to always transmit CSI/SRS even if it does not coincide with a PUCCH/PUSCH transmission. If active time is frequently stopped in a sudden way, it will cause unnecessary battery consumption for information that is likely not needed.
· It has to be specified in the normative text exactly in which cases the transition window applies, and this may be difficult to specify.

3. Mandate the UE to not transmit CSI and/or SRS during the transition period.
· Requires the UE to never transmit CSI/SRS even if it coincides with a PUCCH/PUSCH transmission. If this happens frequently at sudden prolongation of active time it will cause a missed CSI or SRS opportunity even in the case when the UE anyhow has to spend battery resources for an UL transmission. This decreases the link adaptation accuracy.

· It has to be specified in the normative text exactly in which cases the transition window applies, and this may be difficult to specify.
In light of the analysis above, we consider it undesirable to impose unnecessary complexity on the network, and unnecessary battery drain for the UE, and therefore we think solution 1 is the best overall option.

Proposal 1: Allow the UE to optionally transmit/not transmit CSI and/or SRS, for a transition period,
except when the CSI and/or SRS coincides in time with any other UL transmission.
Additionally, we propose to introduce the same transition period at sudden DRX stop, as was done for Rel 8 and 9. However, we suggest to decrease the length of the transition period to three subframes. Hence we would like to add the following note:

Proposal 2: The UE may optionally send CSI and SRS for up to three subframes following a sudden stop of active time, providing that there is no other simultaneous UL transmission.
For the same reason, the existing note for unexpected prolongation of active time is only needed in a 3-subframe-long period:

Proposal 3: The UE may optionally not send CSI and SRS for up to three subframes following a sudden prolongation of active time, providing that there is no other simultaneous UL transmission.
3 Conclusion
Observation 1: A DRX transition period of three subframes is sufficient  because a UE will be able to adapt its uplink transmission at the fourth subframe.
Proposal 1: Allow the UE to optionally transmit/not transmit CSI and/or SRS, for a transition period,
except when the CSI and/or SRS coincides in time with any other UL transmission.

Proposal 2: The UE may optionally send CSI and SRS for up to three subframes following a sudden stop of active time, providing that there is no other simultaneous UL transmission.
Proposal 3: The UE may optionally not send CSI and SRS for up to three subframes following a sudden prolongation of active time, providing that there is no other simultaneous UL transmission.
If agreeable, these proposals can be captured in the MAC specification. A suggestion is provided in [3].
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5 Annex
5.1 eNB decoding problems

5.1.1 Periodic CSI + A/N

(A/N for PDSCH tx, no PUSCH tx)

If the UE has recently been put in non-active time but not had time to cancel the CSI, there is both CSI and A/N to transmit.

· If simultaneousAckNackAndCQI = FALSE  UE drops CSI, only A/N sent. No problem.

· If simultaneousAckNackAndCQI = TRUE    UE multiplexes CSI and A/N in PUCCH format 2a/2b. According to the current Rel-8/9 specs, the network does not expect both CSI and A/N when the UE is not in active time – the network only expects A/N sent by PUCCH format 1a/1b. As the A/N is sent in a different way when multiplexed with CSI, the network will most likely fail to decode the A/N. Even if the network was aware of the potential presence of CSI, it would require double decoding to decode the A/N.

The argument for masking CSI with active time was UE power saving and no real benefit for the network, but with the A/N transmission there is anyway an UL transmission to be made. Hence, it would seem OK from a UE energy perspective to transmit the CSI if there is a simultaneous A/N. 

5.1.2 SRS + UL tx on PUSCH

If the PUSCH transmission is scheduled in the cell SRS bandwidth, the PUSCH is always punctured (not sent on the last symbol, which is reserved for SRS) irrespective of if this particular UE transmits SRS in this subframe. However, if the PUSCH transmission is scheduled outside of the cell SRS bandwidth, the PUSCH is sent over all symbols if the UE is not due to transmit SRS, but punctured if the UE is due to transmit SRS. In its decoding, the eNB assumes a rate matching depending on if the last symbol is used or not – hence, the eNB needs to know if the UE transmits SRS or not to be able to correctly decode, or produce “correct” soft bits in the HARQ buffer. Hence, the contents of the HARQ buffer may be corrupted if incorrect rate matching is assumed
The following picture explains this problem.
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Scheduled UL data on PUSCH

If SRS is scheduled, then the
last symbol of the PUSCH
data cannot be used.

But if SRS is not scheduled,
then the last symbol of the
PUSCH data will be used.





Figure 2 Example describing that to correctly decode PUSCH data it is necessary to know whether SRS is scheduled or not.
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