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Discussion/Decision 
1 Introduction

In this contribution, following issues w.r.t DRX operation and CQI/SRS transmission are discussed.
· At which downlink subframe Active Time ends if PDCCH or DRX MAC CE is received at downlink subframe n
· At which uplink subframe CQI/PMI/RI/PTI is not reported
· How to define UE behavior if Active Time ends unexpectedly
2 Discussion 
When an active time is unexpectedly finished upon e.g. receiving DL HARQ retransmission or receiving DRX MAC CE, UE shall not transmit CQI/SRS after then. As explained in [1], it is sometimes simply impossible for UE due to uplink timing adjustment and PDCCH decoding delay. 
There has been a similar issue discussed during REL-8 which has ended up with a note captured in 36.321. The straightforward way is to take the same solution as proposed in [1]; UE may choose to continue sending CQI/PMI/RI/PTI reports on PUCCH and /or SRS transmissions for up to 4 subframes.
However one concern from network vendors was raised that it may increase ENB complexity. ENB has to prepare both cases where UL ACK/NACK is multiplexed together with CQI/PMI/RI/PTI and where not. It is a valid concern which may have more implications than discussed last meeting. 
Studying the issue we found couple of new issues as below.

Issue 1: At which subframe does active time end
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Fig. 1

· PDCCH is received at the beginning of subframe (n)
· PDCCH decoding is completed at the middle of subframe (n). The question is at which subframe active time ends.
· The answer to this question is clear. Because PDCCH is received during subframe (n), it should belong to Active Time by the definition. Hence Active Time ends at the end of the subframe (n).
There is another scenario to be considered which is a bit controversial 
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Fig. 2
· DRX MAC CE is received at the subframe (n)

· DRX MAC CE is successfully decoded at the subframe (n+1). 

· Even though DRX MAC CE is received at subframe n, it is practically not possible to end Active Time at that point of time due to processing delay of DRX MAC CE. Then the logical interpretation would be that Active Time ends at the end of subframe when DRX MAC CE is successfully decoded (i.e. at ‘B’) 
· One thing to be noted is that processing delay is implementation specific. In a good UE implementation it will take well less than 1 m s but in other it may not be the case. Hence it is not possible to take uncontroversial value for it.
·  In DRX operation point of view (i.e. in PDCCH monitoring point of view), uncertainty of few subframes may not be a big problem. UE will try to end the active time as soon as possible. If it takes more time, it only punishes itself without any interoperability problem. 

· However, due to its impact to SRS/CQI transmission, it should be clearly specified. 

· The proposal is to go for approach A (i.e. at the end of the subframe during when PDCCH or DRX MAC CE is physically received) to establish unambiguous time reference between UE and ENB.   

Proposal 1: It is proposed to confirm that Active Time ends at the end of subframe when PDCCH or DRX MAC CE is physically received.
Issue 2: At which uplink subframe CQI/PMI/RI/PTI is not reported
CQI/PMI/RI/PTI transmission during DRX operation is specified in section 5.7 of MAC specification.

<Table 1>

	-
if CQI masking (cqi-Mask) is setup by upper layers:

-
when onDurationTimer is not running, CQI/PMI/RI/PTI on PUCCH shall not be reported.

-
else:

-
when not in Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported.

Regardless of whether the UE is monitoring PDCCH or not, the UE receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.


According to above text, UE shall not transmit CQI/PMI/RI/PTI on PUCCH when onDurationTimer is not running (if CQI mask is configured) or when not in Active Time. Active Time and onDurationTimer are by the definition about downlink. Downlink and uplink are not aligned in time domain but uplink subframe is preceding downlink subframe by N_TA, which means that if Active Time ends (or onDurationTimer stops) at the end of the downlink subframe n it is in the middle of uplink subframe (n+1). It does not make sense to stop CQI/PMI/RI/PTI on PUCCH at the middle of subframe; hence the obvious alternatives are either 1) to stop at the end of uplink subframe n or 2) to stop at the end of uplink subframe (n+1). 
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Fig. 3
We don’t see big difference between them. For simplicity the proposal is to go for 1); 
Proposal 2: If Downlink subframe n is not Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported in the uplink subframe n. 

Proposal 3: When onDurationTimer is not running for downlink subframe n, CQI/PMI/RI/PTI on PUCCH shall not be reported in the uplink subframe n.
The text proposal is shown below.
<Table 2>

	-
if CQI masking (cqi-Mask) is setup by upper layers:

-
when onDurationTimer is not running in downlink subframe n, CQI/PMI/RI/PTI on PUCCH shall not be reported in uplink subframe n.

-
else:

-
when downlink subframe n is not in Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported in uplink subframe n.

Regardless of whether the UE is monitoring PDCCH or not, the UE receives and transmits HARQ feedback and transmits type-1-triggered SRS [2] when such is expected.


Issue 3: ACK/NACK and CQI multiplexing
This issue has been discussed in [1], where it is proposed to relax UE requirement to stop CQI transmission when Active Time ends unexpectedly. 
If Active Time ends unexpectedly at subframe n (i.e. drx-RetransmissionTimer stops due to PDCCH reception or Active Time ends due to DRX MAC CE reception), UE may not be able to stop transmitting CQI which is already multiplexed with ACK/NACK. It may be a corner case but cannot be entirely excluded from the consideration.


[image: image4.emf]Active time ends unexpectedly due to e.g. 

HARQ retransmission reception

n (n+1) (n+2)

n (n+1) (n+2)

(n+3)

HARQ NACK + CQI supposed to be transmitted


Fig. 4

· Active Time ends at subframe n unexpectedly.
· At a near uplink subframe (e.g. n+2), CQI and HARQ feedback are supposed to be transmitted together.

· To conform to the specification, UE has to switch to HARQ feedback only transmission from HARQ feedback multiplexed with CQI transmission.

Issue 4: PUSCH and CQI multiplexing

CQI/PMI/RI/PTI can be transmitted on either PUCCH or PUSCH and there are number of cases where PUSCH transmission take place out side of Active Time. If Active Time ends unexpectedly at subframe n, UE may not be able to switch from CQI multiplexed with PUSCH  to PUSCH only transmission similar as the issue 3. 
However, in the current specification, CQI/PMI/RI/PTI on PUSCH is transmitted regardless of Active Time as per [2]. Therefore even if Active Time ends unexpectedly, UE is not required to drop CQI/PMI/RI/PTI if it is to multiplex with PUSCH.   
Issue 5: ENB double decoding
Because of issue 3, there may be an additional requirement for ENB to decode ACK/NACK with or without CQI. A straightforward way would be to mandate a single behaviour which is not a big burden to UE while clearly helpful to ENB implementation. 
Proposal 4: UE continues CQI/PMI/RI/PTI on PUCCH for number of subframes after Active Time ends unexpectedly (due to PDCCH reception or DRX MAC CE reception).
The proposal is largely aligned with [1]. To reflect proposal 1, following text is proposed.

NOTE:
A UE may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions until the uplink subframe (n+4) if a PDCCH indicating a new transmission (UL or DL) received in the downlink subframe n which would have been the last subframe of active time. The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions is not applicable for subframes where onDurationTimer is running. A UE sends CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmission until the uplink subframe (n+4) if the Active Time ends due to the reception of a PDCCH or DRX MAC control element at downlink subframe n.
3 Summary and suggestion
Followings are proposed. 

Proposal 1: It is proposed to confirm that Active Time ends at the end of subframe when PDCCH or DRX MAC CE is physically received.

Proposal 2: If Downlink subframe n is not Active Time, CQI/PMI/RI/PTI on PUCCH shall not be reported in the uplink subframe n. 

Proposal 3: When onDurationTimer is not running for downlink subframe n, CQI/PMI/RI/PTI on PUCCH shall not be reported in the uplink subframe n.
Proposal 4: UE continues CQI/PMI/RI/PTI on PUCCH for number of subframes after Active Time ends unexpectedly (due to PDCCH reception or DRX MAC CE reception).
Draft CR is presented in [3]
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