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1 Introduction
In the last RAN2 meeting, there was discussion on PDCCH monitoring for UL retransmission grants. Although it was not agreed, we would like to revisit some issues commented during the discussion and identify the possible benefit of allowing UE not to monitor PDCCH for adaptive retransmission after a positive HARQ-ACK is received. 

2. PDCCH monitoring for UL retransmission 

In current DRX operation, Active time includes the time while an uplink grant for a pending HARQ retransmission can occur and there is a data in the corresponding HARQ buffer. The main reason why the UE should monitor PDCCH even after the UE receives a positive HARQ-ACK is to support the case where the eNB needs to suspend retransmission temporarily. In addition, monitoring PDCCH after the positive HARQ-ACK is also helpful to recover from NACK-to-ACK error. However, it unnecessarily increases the UE power consumption in DRX operation because the UE needs to monitor PDCCH even after the UE receives a positive HARQ-ACK. Given that NACK-to-ACK error is quite low, if there is no need to suspend retransmission temporarily, the UE may not need to monitor PDCCH for retransmission after the UE receives a positive HARQ-ACK. Especially, the eNB may not need to suspend the retransmission in case of delay sensitive data such as VoIP. Therefore, it was proposed that the eNB can allow the UE not to monitor PDCCH for UL retransmission after the UE receives a positive HARQ-ACK for a HARQ process. It should be noted that even if the eNB allow the UE not to monitor PDCCH, the UE can still receive PDCCH for UL retransmission if the subframe is Active Time due to the other reason such as DRX related timer is running.

Observation: even if the eNB does not allow PDCCH monitoring, the UE can still receive PDCCH for UL retransmission if the subframe is Active Time due to the other reason such as DRX related timer is running.

In case of VoIP, in order to reduce PDCCH overhead, SPS operation in downlink and uplink would be configured.  Although SPS and DRX are independent, it is desirable to align DRX configuration and SPS configuration as much as possible. It would be applicable for both UL and DL SPS because UL and DL can happen interactively. Therefore, the desirable DRX configuration would be such that the UE can receive PDCCH for UL and DL retransmission during the Active Time. In downlink, the UE does not need to monitor PDCCH for downlink retransmission after a positive HARQ is received because drx-RetransmissionTimer for a HARQ process is not started if the data of the HARQ process is successfully decoded although a HARQ RTT Timer expires. Figure 1 shows DRX operation in conjunction with SPS operation in downlink and uplink. We assume that DRX cycle=40ms, starting offset=0 and drx-RetransmissionTimer =1ms. Figure 1(a) shows the case where the UE keeps monitoring PDCCH for UL retransmission, while Figure 1(b) shows the case where the UE is allowed not to monitor PDCCH for UL retransmission after HARQ-ACK is received. “Grant for Re-Tx” means the UE should monitor PDCCH for UL grant for retransmission. We can see that the number of Active Time is dramatically reduced if the UE is allowed not to monitor PDCCH for UL retransmission when DL and UL SPS are aligned. It would reduce the UE power consumption. 
Observation: if the eNB allows UE not to monitor PDCCH, the larger UE power saving gain can be achieved when DL and UL SPS are aligned. 
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(a) The case where the UE keeps monitoring PDCCH for UL retransmission
[image: image2.emf]subframe # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

UL SPS

UL Tx

HARQ 

NACK Re-tx

HARQ 

ACK

DL SPS

DL Tx

HARQ 

NACK Re-tx

HARQ 

ACK

Active Time

subframe # 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

UL SPS

DL SPS

Active Time


(b) The case where the UE is allowed not to monitor PDCCH for UL retransmission

Figure 1 : DRX operation in conjunction with SPS
The UE power saving gain may be dependent on HARQ operation i.e. the maximum number of transmission in uplink or the average number of transmission to meet target error loss rate. The number of transmission to meet target packet error loss rate can be varied by eNB scheduling algorithm considering the packet type or channel situation. For example, in case of VoIP, because VoIP is delay sensitive traffic, the transmission should be completed as soon as possible i.e. the low average number of transmission is desirable. The maximum number of transmission also considers the target error loss rate. However, one value is configured for the UE and hence, the eNB configures considering all packet types that the UE can transmit. It means that the maximum number of transmission is set to the larger number than the average number of transmission. As the difference between the average number of transmission and the maximum number of transmission is larger, the UE should monitor PDCCH in more subframes even if the packet is already successfully decoded. 
Observation: if the eNB allow UE not to monitor PDCCH, the larger UE power saving gain can be achieved if the difference between the average number of transmission and the maximum number of transmission is larger. 

For in-device coexistence, LTE DRX mechanism is used to provide TDM patterns (i.e. periods during which the LTE UE may be scheduled or is not scheduled) to resolve the IDC issues. DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism [3]. With UE monitoring PDCCHs for potential UL retransmissions, unscheduled periods are interrupted, as shown in Figure 2 below. Such interruption has negative impact on in-device coexistence operation since ISM operation is interrupted to avoid the mutual interference.
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Figure 2 : DRX operation for IDC
Observation: if the eNB allows UE not to monitor PDCCH, ISM operation would not be interrupted during the unscheduled period and consequently it makes UE operation simplified in case of in-device coexistence. 
Another aspect is how to enable or disable the UE to stop monitoring PDCCH for retransmission. Either MAC CE signaling or RRC signaling can be used. If MAC CE signaling is used, a new MAC CE signaling is introduced to indicate whether to enable or disable the UE to stop monitoring PDCCH for retransmission. However, given that the decision is related to eNB scheduling implementation and IDC configuration, enabling or disabling configuration would not be required so frequently. In that sense, RRC signaling would be more desirable instead of introducing a new MAC CE which needs a larger modification in the specification than RRC signaling approach.

Proposal: The eNB configures whether to enable or disable the UE to stop monitoring PDCCH for retransmission after the UE receives a positive HARQ-ACK via RRC signaling. 
4. Conclusion

In this document, we discuss the UE monitoring PDCCH after the UE receives positive HARQ-ACK. 
We observe some points if the eNB allows the UE not to monitors PDCCH for UL retransmission after the UE receives a positive HARQ-ACK.

· The UE can still receive PDCCH for UL retransmission if the subframe is Active Time due to the other reason such as DRX related timer is running.

· The UE power saving gain can be achieved when DL and UL SPS are aligned. 

· The larger UE power saving gain can be achieved if the difference between the average number of transmission and the maximum number of transmission is larger. 

· ISM operation would not be interrupted during the unscheduled period and consequently it makes UE operation simplified in case of in-device coexistence.

Based on the above observation, we propose the eNB configures whether or not the eNB allows the UE not to monitor PDCCH for retransmission after the UE receives a positive HARQ-ACK via RRC signaling. 
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