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1. Introduction
In RAN2#63, some agreements have been reached on the topic of SPS activation. The false alarm of the SPS activation had been discussed a lot and this problem is resolved with “virtual” CRC. However, if the SPS activation PDCCH is lost, eNB and UE maybe misunderstand the state of SPS activation. This contribution is aimed to discuss and resolve this problem.
2. Discussion
2.1 Current status and problems
It was agreed that [1]:
· The NDI bit is available to increase the ‘virtual’ CRC length for UL and DL activation since

· The SPS C-RNTI is used for SPS activation and re-configuration

· NDI is set to zero for SPS activation

· The SPS C-RNTI is used for SPS retransmission of SPS transmissions

· NDI is set to one for retransmission

· (i.e. NDI interpretation is different for SPS C-RNTI than for C-RNTI)
So UE can differentiate SPS PDCCH and DS PDCCH via C-RNTI/SPS C-RNTI and differentiate SPS activation PDCCH and SPS retransmission PDCCH via NDI.
In current MAC specification, UE will decode the transmission addressed by SPS C-RNTI even when the SPS is not activated successfully. In this case, if the SPS activation PDCCH is lost, some problems will occur. 

The problem in DL SPS is shown in Fig 1.
· T1: The SPS activation PDCCH is lost; UE can’t receive the 1st transmission of packet 1.
· T2: eNB schedules retransmission of packet 1 due to not received ACK feedback. UE receives and decodes the retransmission of packet 1 correctly and sends ACK.
· T3: eNB can’t differentiate whether activation PDCCH is lost or just the 1st transmission fails, and then eNB thinks the SPS configuration is activated correctly after packet 1 is transmitted correctly.

· T4: eNB transmits the 1st transmission of packet 2 with SPS configuration. UE cannot receive DL transmissions in configured resources.
· T5: eNB schedules the 1st retransmission of packet 2. UE receives and decodes the retransmission of packet 2 correctly and sends ACK.
After a number of initial transmissions lost consecutively, eNB maybe decide to reactive SPS configuration with SPS activation PDCCH. But eNB and UE can’t learn the mismatch in a long time.
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Fig 1 The problem due to a lost SPS activation PDCCH (DL)
The same problem in UL SPS is shown in Fig 2.

· T1: The SPS activation PDCCH is lost; UE doesn’t transmit the 1st transmission of packet 1.

· T2: eNB schedules retransmission of packet 1 due to not received packet 1 correctly.

· T3: UE sends the retransmission of packet 1.
· T4: eNB decodes the retransmission of packet 1 correctly and sends ACK. eNB can’t differentiate PDCCH lost and the 1st transmission failure, then eNB thinks the SPS configuration is activated correctly after packet 1 is transmitted correctly.

· T5: UE doesn’t send UL packets in configured resources. 
· T6: eNB schedules the 1st retransmissions of packets 2. 
Above procedure assuming an adaptive retransmission, if eNB expects a non-adaptive retransmission by UE itself, UE will send nothing.
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Fig 2 The problem due to a lost SPS activation PDCCH (UL)
If the SPS re-configuration PDCCH is lost, the problem will be more serious. In DL, UE will try to receive DL transmission with last SPS configuration. It will waste resources of PDCCH and PDSCH as SPS activation PDCCH is lost. In UL, UE will send UL transmission with last SPS configuration. So it may make serious interference with other UEs.
2.2 Proposed method
2.2.1 SPS activation
To avoid resource waste and UL interference, it is necessary to enhance the reliability of the SPS activation. The following alternatives would be helpful for this issue.
Alt.1: UE ignores SPS retransmission PDCCHs if the SPS activation PDCCH is lost
In DL, if UE received SPS retransmission PDCCHs (addressed by SPS C-RNTI and NDI=1) while not received the SPS activation PDCCH (addressed by SPS C-RNTI and NDI=0) before, it will send NACK to eNB. In this case, UE can either decode the DL transmission or not. To simplify the implementation of UE, we suggest that UE doesn’t receive and decode the DL transmission assigned by the SPS retransmission PDCCH. This course helps eNB to detect the error case and reactivate SPS configuration. For example, eNB schedules the 2nd SPS packet with SPS activation PDCCH while not receive ACK for the 1st SPS packet as shown in Fig 3.
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Fig 3 UE ignores SPS retransmission PDCCHs and sends NACK (DL)
In UL, if UE received SPS retransmission PDCCHs (addressed by SPS C-RNTI and NDI=1) while not received the SPS activation PDCCH (addressed by SPS C-RNTI and NDI=0) before, UE will not send UL transmission assigned by the SPS retransmission PDCCH. This course helps eNB to detect the mismatch and reactivate SPS configuration as that in DL. For example, eNB schedules the 2nd SPS packet with SPS activation PDCCH while not decode 1st SPS packet correctly as shown in Fig 4.
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Fig 4 UE ignores SPS retransmission PDCCHs (UL)

Alt.2: The 1st SPS retransmission PDCCH can be used for SPS activation
Alt.1 can confirm the reliability of SPS activation, but the SPS packets before reactivation will be discarded almost if the SPS activation PDCCH is lost. 
In Alt.2, some rules will be introduced.

1) The 1st SPS retransmission PDCCH can be used to activate the SPS configuration.
2) The interval between the 1st retransmission and the initial transmission should be fixed. In DL, the interval can be set as the minimum interval between transmissions of a same packet. In UL, the interval is HARQ RTT.
3) The PDCCH for the 1st retransmission should have the same resource assignment as the SPS activation PDCCH.
4) In UL, the 1st retransmission corresponding to the SPS activation PDCCH should be an adaptive retransmission with a PDCCH.
In DL, the interval between the 1st retransmission and initial transmission should be set as a fixed value (X), which can be set as the minimum interval between transmissions of a same packet. 
As shown in Fig 5:
· TTIa: The SPS activation PDCCH is transmitted and lost.
· TTIb: UE receives SPS retransmission PDCCH while not received the SPS activation PDCCH. It receives the DL transmission assigned by the SPS retransmission PDCCH, and thinks that SPS is activated and the start point is TTIa =TTIb - X.

[image: image5.emf]1

1st TX

time

UE

Configured Resources

Retransmission 

Resources

SPS PDCCH NDI=0

SPS PDCCH NDI=1

VoIP

Packets

DTX-> 

NACK

VoIP Packets

1

2nd TX

…...

SPS is 

activated

X

Start point of 

SPS

TTIb

TTIa

2

1st  TX

3

1st  TX


Fig 5 The 1st SPS retransmission PDCCH used for SPS activation (DL)

In UL, the interval between the 1st retransmission and the initial transmission is UL HARQ RTT.

As shown in Fig 6:

· TTIa: The SPS activation PDCCH is transmitted and lost.
· TTIb: UE receives SPS retransmission PDCCHs while not receives the SPS activation PDCCH. It sends UL transmission assigned by the SPS retransmission PDCCH. Then UE thinks that SPS is activated and the start point is TTIa =TTIb - HARQ RTT.
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Fig 6 The 1st SPS retransmission PDCCH used for SPS activation (UL)

Comparison:
· Alt.1 and Alt.2 confirm the reliability of SPS activation both. 
· Alt.1 is simpler and need a smaller modification to current specification. But the SPS packets are discarded before the reactivation.  

· With Alt.2, the SPS retransmission PDCCH can be used effectively. But it introduces some limitation to the 1st retransmission corresponding to the SPS activation PDCCH.

We prefer Alt.1 because it is simpler.

Proposal 1:
UE ignores SPS retransmission PDCCHs while SPS activation PDCCH is lost to help eNB to reactive SPS quickly.
· In DL, UE doesn’t receive and decode the DL transmission assigned by the SPS retransmission PDCCH and transmits NACK to eNB.
· In UL, UE doesn’t send UL transmission assigned by the SPS retransmission PDCCH.
2.2.2 SPS re-configuration

As discussed in section 2.1, if the SPS re-configuration PDCCH is lost in UL, UE will send UL transmission with last SPS configuration which will interfere with other UEs and more interference should be made if non-adaptive HARQ is adopted.

UE can distinguish the SPS retransmission PDCCH corresponding to the SPS re-configuration PDCCH from the SPS retransmission related to last SPS configuration by HARQ information.
In DL, UE thinks the SPS activation PDCCH is lost if the TB size is different from the last valid TB size signalled for this HARQ process.
In UL, UE thinks the SPS activation PDCCH is lost if the TB size is different from the last valid TB size signalled for this HARQ process or this HARQ process isn’t reserved for SPS before.
With Alt.1, UE ignores SPS retransmission PDCCH corresponding to a lost SPS re-configuration PDCCH.
With Alt.2, the 1st SPS retransmission PDCCH corresponding to a lost SPS re-configuration PDCCH is used for SPS re-configuration.
In UL, UE should stop sending UL transmission with last SPS configuration.

Proposal 2:
UE judges the SPS re-configuration PDCCH is lost with HARQ information.

· In DL, UE thinks the SPS activation is lost if the TB size is different from the last valid TB size signalled for this HARQ process.
· In UL, UE thinks the SPS activation is lost if the TB size is different from the last valid TB size signalled for this HARQ process or this HARQ process isn’t correspongding to SPS before.
Proposal 3:

In UL, UE should stop sending UL transmission with last SPS configuration if UE is aware of that the SPS re-configuration PDCCH is lost.

3. Conclusion
In this contribution, we discuss the problems incurred by SPS activation/re-configuration PDCCH lost and provide some solutions. It is suggested that RAN2 discuss above solutions and make related decisions.
Proposal 1:

UE ignores SPS retransmission PDCCHs while SPS activation PDCCH is lost to help eNB to reactive SPS quickly.

· In DL, UE doesn’t receive and decode the DL transmission assigned by the SPS retransmission PDCCH and transmits NACK to eNB.
· In UL, UE doesn’t send UL transmission assigned by the SPS retransmission PDCCH.
Proposal 2:

UE judges the SPS re-configuration PDCCH is lost with HARQ information.

· In DL, UE thinks the SPS activation is lost if the TB size is different from the last valid TB size signalled for this HARQ process.

· In UL, UE thinks the SPS activation is lost if the TB size is different from the last valid TB size signalled for this HARQ process or this HARQ process isn’t correspongding to SPS before.
Proposal 3:

In UL, UE should stop sending UL transmission with last SPS configuration if UE is aware of that the SPS re-configuration PDCCH is lost.

R2-086492 [2] includes a CR to TS36.321 corresponding to above proposals.
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