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1 Introduction

In LTE, UL HARQ suspension is supported, but when DRX and SPS are both configured, power waste problem could occur in some cases. We believe an optimization is possible in release 9. In this document, methods to enhance the UL HARQ suspension with semi-persistent transmission in DRX mode are discussed.
2 Discussion
In LTE, UL HARQ suspension is supported by transmitting only a positive acknowledgement (ACK) on PHICH without any UL grant on PDCCH. If only an ACK is received, the data will be kept in the HARQ buffer and non-adaptive retransmission will not be performed. The subsequent retransmission can only be initiated by PDCCH signalling. If a dedicated retransmission grant for the next dedicated transmission opportunity is received, UE could again perform the adaptive retransmission for the data stored in the HARQ buffer. 
If DRX is configured, in the case that the UL HARQ process is suspended, UE needs to wake up and monitor PDCCH with possible UL grant for the suspended adaptive retransmission at the following transmission opportunities until the HARQ buffer is flushed. For semi-persistent scheduling as illustrated in Figure 1, according to current configuration, if UL HARQ process is suspended, UE will not reach the maximum number of transmissions before the next configuration new transmission occurs. Therefore the UE will continue monitoring the PDCCH for a UL pending HARQ retransmission on every transmission opportunity until the semi-persistent resource is released. This will cause a serious power waste problem especially in the case that the UL HARQ process has been successfully completed at the first transmission.

[image: image1.emf]SPS HARQ process 

0

0

A

C

K

SUSPENSION

DRX 

for HARQ 

process

0 

A

C

K

SUSPENSION

0 0 0 0

0

0

0

S

P

S

 

U

L

 

D

a

t

a

S

P

S

 

U

L

 

D

a

t

a

3

3 3 3 3 3

20 ms

S

P

S

 

U

L

 

D

a

t

a

S

P

S

 

U

L

 

D

a

t

a

A

C

K

A

C

K

SUSPENSION

DRX 

for HARQ 

process

3 


Figure 1: Semi-persistent transmission with DRX operation in suspension mode
One solution for the problem is proposed in [1], which indicates that there should be no suspension in semi-persistent scheduling, so the UE can simply take the ACK as a “real ACK”, i.e. a positive acknowledgement, if eNB receives the corresponding TB on PUSCH successfully. Another optimization method has been proposed in [3] to allow UE not to monitor all retransmission opportunities. In this contribution, a state variable to count the total pending times is needed. If the maximum number of pending times is reached, the UE believes that the TB in the HARQ buffer is successfully received and the HARQ buffer is flushed. 
Besides the above methods, we propose to differentiate the “real ACK” and the ACK for HARQ suspension. If the real ACK and the ACK for HARQ suspension can be distinguished by UE, UE can determine whether the UL HARQ process is successfully completed, and whether waking up for UL grant is needed. If a real ACK is received by UE, it doesn’t need to monitor PDCCH for UL grant in the subsequent retransmission opportunities. In this way, efficient power consumption can be realized. 
Some methods to differentiate the “real ACK” and the “suspension ACK” are presented as follows: 
Method 1: Multiple ACKs
When the UE receives the first ACK, it follows current mechanism and suspends the UL HARQ process. Upon receiving another ACK without PDCCH indicating retransmission in the subsequent feedback point, the UE considers that the UL data stored in the HARQ buffer has been successfully decoded by eNB, and therefore flushes the HARQ buffer, stops monitoring the PDCCH for the pending UL HARQ retransmission. 


[image: image2.emf]SPS HARQ process 

0 0

A

C

K

DRX 

for HARQ 

process

0 

0 0 0 0

S

P

S

 

U

L

 

D

a

t

a

S

P

S

 

U

L

 

D

a

t

a

20 ms 20 ms

Suspension

A

C

K

Active Sleep


Figure 2: Method 1: Multiple ACKs
Method 2: Differentiate “suspension ACK” with an additional explicit signalling
When the UE receives an ACK alone at the feedback point, it considers the ACK as a “real ACK” and flushes the corresponding HARQ buffer. If an ACK is received with an additional explicit signalling like a grant on PDCCH which is indicated by a special code point, the ACK is considered as a “suspension ACK”, and the UE continues monitoring the possible retransmission grant at the corresponding feedback points. One possible code point for a “suspension ACK” is that the ACK is received together with a grant on PDCCH which has exactly the same information as the initial transmission grant except the field of NDI. Another possible code point for suspension ACK is that the ACK is received together with a zero grant, which doesn’t contain any transport block size information for UE to process. 
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Figure 3: Method 2: Differentiate “suspension ACK” with an additional explicit signalling
The gain on power consumption can be illustrated in Figure 2 and Figure 3 respectively for Method 1 and Method 2. With the assumption that DRX and SPS are both configured and the periodicity is 20ms with maximum number of HARQ transmission configured as 5; most of the first UL transmission would be successful due to the good radio condition. With Method 1, UE doesn’t need to wake up for UL grant from the third PDCCH transmission opportunity, and the wake up time is decreased from 5/20 of the whole period to 2/20. With Method 2, UE doesn’t need to wake up for UL grant from the second PDCCH transmission opportunity, and the wake up time is decreased from 5/20 of the whole period to 1/20. The advantage of Method 1 over Method 2 is that no special code point for “suspension ACK” need to be assigned, while the advantage of Method 2 over Method 1 is that UE can determine whether the ACK is the “real ACK” in only one PDCCH transmission opportunity, which is more power efficient. 
With the above proposed methods, UE don't need to wake up to monitor UL grant for all retransmission opportunities and the power consumption can be efficiently saved. So we have following proposal: 
Proposal: We propose RAN2 to reconsider the problem and adopt one of the methods. 
3 Conclusion 
In this contribution, we discuss the method to enhance the power consumption efficiency for UL HARQ suspension with semi-persistent transmission in DRX mode. If the real ACK and the ACK for HARQ suspension can be distinguished by UE, UE can determine whether the UL HARQ process is successfully completed and whether waking up for UL grant is needed. Two methods to differentiate the real ACK and suspension ACK are described. We have the following proposal: 
Proposal: We propose RAN2 to reconsider the problem and adopt one of the methods. 
If one of the methods is adopted by RAN2, a corresponding CR will be provided by the source company. 
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