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1 Introduction
At RAN2#74, transmission of CSI on PUCCH and of SRS with respect to DRX state changes was discussed [1][2]. When active time is ended due to e.g. the stop of the mac-ContentionResolutionTimer or the drx-RetransmissionTimer, or the reception of a DRX command MAC CE, the UE requires some time to decode the transmission stopping active time, before actually knowing that active time has stopped. However, the current MAC specification mandates UL transmissions based on the current “ideal” DRX state, irrespective of recent changes in DRX state that the UE might not have had time to decode. 
This contribution looks into the details of the problem of sudden end of active time, and extends the discussion to sudden prolongation of active time, already covered by an existing note in the MAC specification. Based on use cases, it becomes apparent that completely optional UE behaviour leads to non-negligible network complexity. For reasonable complexity in both the UE and the network, we propose a relaxation for the UE to allow the UE time to adapt to the DRX state change, while removing the optionality of the relaxation in the cases where optionality would cause network decoding complexity. 
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
“Sudden” and “unexpected” are used in this context to describe a change of DRX state (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 first case is covered by the existing note in the MAC specification and discussed in Section 2.1. The second case was discussed last RAN2 meeting [1][2], and is further considered in Section 2.2.

A general thing to note is that the discussion covers all subframes from subframe n where the DRX state change takes place (specification-wise) through subframe n+x, as there may be UL transmissions due in any subframe after the change of DRX state. That is, the discussion does not only cover n+k where a transmission may be due on a PDCCH grant sent in subframe n.
2.1 Prolongation of active time: optionally not send CSI/SRS 

According to the existing Rel-8 note in the MAC spec:
NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running.
2.2 End of active time: optionally send CSI/SRS 

To cover also UE decoding delay in the case active time suddenly ended, [2] proposed:
NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in the last subframe of active time. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running. Also a UE may optionally choose to send CQI/PMI/RI/PTI reports on PUCCH and /or SRS transmissions for up to 4 subframes following a PDCCH indicating a DL transmission while drx-RetransmissionTimer is running and onDurationTimer is not running.
An example of this case is shown in the following picture:
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The event that happens at (1) above is not covered by the existing note,
because it does not handle sudden stop of active time.




Figure 1 This example describes a case of sudden stop of active time, and which is currently not covered by the existing note in the MAC specification.

2.2.1 Why up to four subframes?

Since the UE needs to react to PDCCH grants and assignments within a time period of 4 subframes, it should also be able to stop sending CSI or SRS in the fourth subframe after a sudden stop of active time. Also, in the case of sudden stop of active time there is no issue of the UE having to suddenly perform CSI measurements, as may be the case at sudden start of active time.

Therefore we propose that the optional period of sending CSI and SRS after sudden stop of active time is set to 3 subframes.
2.3 Issues with optional behaviour in the UE

If the UE is due to transmit CSI and/or SRS and nothing else in a subframe, it is only a matter of the UE using the radio resource(s) or not. If the UE behaviour (transmit or not transmit) is optional, the eNB cannot reuse these resources for any other UE(s) and the UE transmission may cause unnecessary intercell interference and battery consumption, but it would not cause any decoding or interoperability problems. However, in the case the UE is due to transmit on the PUSCH, or due to transmit an A/N on PUCCH, there will be something that the eNB should definitely receive from the UE and the presence or non-presence of CSI and/or SRS may cause a decoding problem in the eNB. Looking at the possible combinations of UL transmissions, we see two combinations that constitute a decoding problem.
2.3.1 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. 

2.3.2 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 deocding, 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.
The following picture explains this problem.
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Figure 2 Example describing that to correctly decode PUSCH data it is necessary to know whether SRS is scheduled or not.
2.3.3 Summary of issues

In short, the issues are:

SRS together with PUSCH affect the PUSCH decoding:

· could corrupt the HARQ buffer if incorrect rate matching is assumed, or

· requires double decoding

CSI in combination with A/N affects PUCCH decoding

· failed decoding, or

· requires double decoding

2.4 Potential solutions

The discussion at RAN2#74 brought forward three solutions to the case where active time unexpectedly ends. As previously described in this contribution, the problem is the same when active time is unexpectedly prolonged and it would seem beneficial to have the same solution for the same basic problem. Hence, if the solutions previously discussed are extended to all cases where active time is unexpectedly changed (prolonged or ended), we have the following identified solutions:
At unexpected end or prolongation of active time, if the corresponding transmissions are due (x is number of subframes after a sudden DRX activity change)
1. Allow the UE to optionally transmit/not transmit SRS and/or CSI, for up to x subframes.
Forces the eNB to implement “double decoding” of both PUCCH A/N (A/N only, and A/N+CQI) and PUSCH (PUSCH on all symbols, and PUSCH on all but last symbol).

2. Allow the UE to optionally transmit/not transmit CSI and/or SRS, for up to x subframes,
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.
Gives the UE enough time to decode for DRX state changes, while ensuring predictable UE behaviour which simplifies the decoding at the network side.

3. Mandate the UE to transmit/not transmit CSI and/or SRS in exactly x subframes.
Gives the UE enough time to decode for DRX state changes, while ensuring predictable UE behaviour which simplifies the decoding at the network side, but costs extra transmissions of CSI and/or SRS which cause necessary battery consumption and intercell interference.
A fourth option, easily identifiable as the root cause of the problem is that the transmission in a subframe depends on the DRX state of that subframe, not of a historic subframe:
4. Mandate the UE to transmit/not transmit CSI and/or SRS in accordance with active time in subframe n-x’, where x’ could be specified as x or any other value (e.g. UL grant timing), for the cases where active time is unexpectedly prolonged or ended. 
Similar performance to option (2).


There are of course also additional implementation solutions, where the eNB avoids scheduling such that the DRX state is unexpectly changed, or where the eNB does not decode a transmission at all or assumes (potentially erroneously) a certain transmission from the UE and attempts to decode given that assumption. All such implementation solutions would however seem to give an undesirable user and system performance degradation.
Given the options above, and the analysis of them, the simplest and most efficient seems to be option 2. 

3 Conclusion
In light of the analysis above, we consider it desirable to give the UE appropriate time to adapt to a change of active time/non-active time, while it is undesirable to impose unnecessary complexity on the network. Therefore, we propose the following:
Proposal: The UE shall always report CSI and/or SRS if there is a simultaneous UL transmission, irrespective of active time.

To be precise, the suppression of CQI/PMI/RI/PTI on PUCCH and SRS shall only occur in subframes where the UE is not in active time and nothing else is being transmitted, and the UE shall send periodic CSI on PUSCH/PUCCH irrespective of active time. With this suggestion, there is no consideration or dependence on active time, which removes the decoding delay problem.
Additionally, to allow the UE appropriate time to adapt to a sudden stop of active time, we propose the following:

Proposal: 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.
If agreeable, these proposals can be captured in the MAC specification. A suggestion is provided in [3].
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