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1 Introduction

In RAN2#62bis, UE uplink behaviour with respect to the active time in DRX was discussed in [2] and the issue for the lack of UE processing time was recognized. This contribution is the continuation of the discussion. 

2 Discussion

2.1 CQI/SRS behaviour at the end of active time

in our previous contribution [2] we pointed out that the current definition of active time does not allow UE enough processing time to decide CQI/SRS and proposed that UE is allowed to transmit CQI/SRS for 4 subframes after the end of the active time. Through the online and offline discussion of [2], several solutions were recognized. We discuss following three options.

Option 1:
CQI/SRS is transmitted only On Duration
With this option, CQI/SRS is transmitted only during On duration. Therefore, extension of the Active Time by the DRX Inactivity Timer, a DRX Retransmission Timer or the Contention Resolution Timer is not carried out. Fig 1 illustrates the behaviour when Active Time is extended at the end of On Duration.

From implementation perspective, this is the simplest solution. On the other hand, if active time continues for a long time by the configuration of  the DRX Inactivity Timer value or the DRX Retransmission Timer value like for web access type traffic, the missing transmission of periodic CQI/SRS information during this period would degrade the system performance.
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Fig 1 Option 1 behaviour on CQI/SRS when Active time is extended

Option 2: After the end of the original active time, CQI/SRS are not always transmitted 

With this option, no CQI/SRS is transmitted at the end of the active time. If PDCCH is received at the end of active time, UE transmits Ack/Nack or PUSCH 4 subframes later. Then CQI/SRS is also transmitted 4 subframes after the intended end of the active time. This can result in a suspension of CQI/SRS for 3 subframes if PDCCH is received in the last subframe of the original active time. Fig 2 illustrates the behaviour.
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Fig 2 Option 2 behaviour on CQI/SRS when Active time is extended

Option 3: After the end of the original active time, CQI/SRS are always transmitted 

With this option, CQI/SRS is always transmitted in some subframes after the end of the original active time regardless of whether active time is extended or not. Fig 3 illustrate the case activation time is extended. Fig 4 illustrate the case activation time is not extended.
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Fig 3 Option 3 behaviour on CQI/SRS when Active time is extended
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Fig 4 Option 2 behaviour on CQI/SRS when Active time is not extended

Above discussion described in which subframes a  CQI and SRS transmission can be allowed.  

However, CQI/SRS itself also is not always configured to be transmitted in every subframe since it’s periodic occurence. Therefore we don't see so much difference of efficiency between option 2 and option 3. If DRX Inactivity timer is set to a relatively short value and CQI/SRS are not configured in every subframe, option 2 may lack a sufficient number of subframes to transmit CQI/SRS since it is not allowed to transmit CQI/SRS in the first subframes after the extended active time.
From above discussions, we think that the transmission of CQI/SRS after the end of the original active time as described in option 3 is a good trade off between complexity and system performance.

2.2 CQI/SRS behaviour including the beginning of active time

In previous section, we proposed CQI/SRS transmission continues some subframes after the end of active time. To be more specific, we propose the continuation is to be 4 subframes since this is a good ratio for reasons described below.
Furthermore, we propose that a corresponding behaviour is applied to the beginning of the active time. Combining both proposals for the beginning and the end of active time results in a rather simple rule: "if DL subframe n is Active Time, UL subframe n+4 is UL active time." 

This simplifies downlink and uplink timing relation because n+4 subframe DL/UL relations are already used in following cases. 
- PDCCH/PDSCH reception and corresponding Ack/Nack
- PDCCH grant reception and corresponding PUSCH transmission
- CQI reference measurement period and corresponding CQI transmission.
To have the common value of n+4 simplifies system operation and UE implementation. This also ensures CQI reference period is always within Active Time.

In the last meeting it was commented that the extension can be a lower number of subframes, i.e. only 1 subframe. Our view is that the extension of only 1 or 2 subframes is difficult to realize and increases complexity. The extension of 3 subframes is feasible but our preferred value is 4 subframes as proposed above for the commonality to other timing handling.

Fig 4 shows such timing relations.
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Fig 5 Uplink active time definition

Proposal:
if DL subframe n is DL active time, UL subframe n+4 is UL active time..

2.3 CQI/SRS behaviour during contention resolution timer

When contention resolution timer is running, CQI/SRS can not be fully utilized at eNB as the eNB does not fully identify UEs. Therefore, we propose UE is not allowed to transmit CQI/SRS when contention resolution timer is running.
Proposal:
UE is not allowed to transmit CQI/SRS when contention resolution timer is running.

2.4 Behaviour according to DRX Command MAC control element

When DRX Command MAC control element is received, On Duration Timer and DRX Inactivity Timer are stopped. Therefore, the active time is also stopped. Our analysis shows that the decoding of MAC control element requires 5-6 subframes depending on the PDSCH payload size and other activities. This is similar to the processing time of 6 subframes in case of MAC CE timing alignment command and the UE response of random access response MAC CE. We propose to not strictly specify when DRX Command MAC control element is effective. UE shall at least stop active time within 6 subframes after reception.

Proposal:
UE shall at least to stop active time within 6 subframes after reception of DRX Command MAC control element.

2.5 Active time of per HARQ process

For DL, HARQ RTT Timer and DRX Retransmission timer are used for per HARQ process. For UL, active time is the subframe where an uplink grant for a retransmission can occur. On the other hand, DRX Inactivity timer is not per HARQ process. Therefore, if DRX Inactivity timer is set to a short value, active time could be sparsely located.

Depending on the configured CQI/SRS periodicity and active the occurrence of both might not overlap. In such a case there might be only rare opportunities to transmit CQI/SRS.

However, we think that the above matter can be avoided by proper configuration and don't see the need for a specific solution to send CQI/SRS in sparsely located active time.

3 Conclusion 

We discussed the relation of active time and CQI/SRS transmission. We make the following proposal:

Proposal1:
If DL subframe n is DL active time, UL subframe n+4 is UL active time..

Proposal2:
UE is not allowed to transmit CQI/SRS when contention resolution timer is running.

Proposal3:
UE shall at least to stop active time within 6 subframes after reception of DRX Command MAC control element.
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