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Introduction
During RAN2 #62, the reliability of the semi-persistent scheduling (SPS) activation signalling was discussed and a single PDCCH solution was agreed. It was also indicated in the meeting that enhancements may need to be investigated to improve the reliability of the SPS activation signalling, especially on the uplink. In this paper, we analyzed this issue and propose some possible enhancements.    

UL SPS Activation Considerations 

In Figure 1, we show a typical time diagram for the UL SPS activation procedure with a 20 ms DRX cycle. Focus for a moment at the point where the UL talk spurt resumes after a silence period. Once the UE knows that the beginning of a talk spurt has begun, it sends a scheduling request (SR). The UE then gets an UL grant on the PDCCH. Note that the eNB does not know whether the grant is for VoIP or for other dynamically scheduled data. The first PDCCH UL grant uses normal CRNTI to address the UE. Then the UE may use the initial UL grant to transmit the BSR or VoIP payload (if the grant is big enough), and after that the eNB can know that the resource request is for SPS, and the second PDCCH UL grant uses SPS-CRNTI to address the UE for the SPS resource activation.
A SPS false alarm arises when there is no actual SPS grant from eNB but UE falsely detects the SPS-RNTI when decoding the PDCCH. 
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Figure 1. UL SPS Activation Operation

Given that we want to reduce false alarms for the SPS-CRNTI with the co-existence of the normal cell network temporary identifier (CRNTI), we should limit the use of SPS-CRNTI as much as possible. By observing the fact that the UE may only need to start to detect the UL SPS activation after UE sends the BSR (or VoIP payload), it only needs to detect the SPS-CRNTI for the UL SPS activation during a limited time (see Figure 2). 
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Figure 2. UE only decodes the SPS-CRNTI for UL SPS activation in limited duration.
By limiting the PDDCH decode time, the false alarm probability for the UL SPS activation can be much improved. 

False Alarm Analysis for UL SPS Activation 
Assumptions:

    1.  The CRC is 16 bits. If the PDCCH bits are random, on average there is a false positive of 1/(2^16).

    2.   We focus only on the uplink activation which, by system design, may suffer most from false alarms.

3.   Only the UE needs to determine the SPS-CRNTI for the UL SPS activation. This is the time from when the UE sends the BSR or the first VoIP packet until the time the UE detects the PDCCH with SPS-RNTI addressed to it. Here we identify this duration as N subframes. 

4.    Assume the average duration of an UL talk-spurt is 8.33 seconds [5]. Hence, the UE needs to detect the SPS-CRNTI every 8.33s on average.
In one subframe, when UE is trying to detect the SPS-CRNTI, the UE needs to blindly decode the PDCCH for at most 40 times as agreed in RAN1; that means, using a simplified model (Bernoulli Trial), the false alarm probability for a single user is 1-(1-1/2^16)^40 (note that this is almost the same as 40/2^16). Since the UE needs to detect N subframes, the false alarm probability is 1-(1-1/2^16)^(40*N). Further, we analyze several cases in the following:
A) With above proposed constraints 

When applying the above constraints, in every 8.33s, the false alarm probability for the UL SPS activation is 1-(1-1/2^16)^(40*N).  As an example, assume N=5 (i.e. the eNB will send the SPS grant via PDCCH using SPS-CRNTI within 5ms after receiving the BSR from the UE requesting the UL SPS activation), during this limited UL SPS activation period, the UE may suffer 0.3% false uplink grant for each silent to talkspurt transition. In other words, every 8.33s, UE will suffer the false UL SPS activation detection by 0.3% probability, which means, on the average of 46.28 minutes (see Figure 3), a false UL SPS activation may occur (Fig 3 shows the average duration between two UL SPS activation false detection).  This seems already low and acceptable in most cases.
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Figure 3. Average Duration for a false UL SPS activation
 B) UE keeps detecting the SPS-CRNTI

If the UE keeps detecting the SPS-CRNTI for x subframe, the false alarm probability for the UL SPS activation is 1-(1-1/2^16)^(40*x). Figure 4 shows the false alarm probability versus x.  

It is shown that when keep monitoring for 3 seconds, one false detection probability for UL SPS activation can be as high as 84%. This simply means around 3.5 seconds, there will be a false detection. This is not acceptable as we discussed in the meeting. 

 C) Based on A, further applying enhancements from [2]: A single PDCCH addressed to Semi-Peristent C-RNTI with some restricted PDCCH fields

In [2], it is shown that if the RB assignment signalling is restricted from 13 bits to 8 bits and MCS is restricted from 5 bits to 3 bits, then the false alarm probability can be reduced by 128 times. This simply enhances the average duration between two false UL SPS activations by 128 times (128*46=98 hours!) 
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Figure 4. False Alarm Probability when continuously monitoring the SPS-CRNTI over PDCCH.
Further, we believe that restricting the RB assignment and MCS is quite reasonable for VoIP:

1) For RB assignment, given AMR 12.2k payload is 40 bytes, even in the QPSK, CR=1/3, the needed RBs are just 4RBs, which means that we do not need many resource allocation flexibility for VoIP.
2) For MCS, currently there are 29 MCS entries, however for VoIP, the flexibility is not that required due to the constant/small packet size and the semi-persistent resource allocation feature. 
Conclusion
By analyzing the UL SPS activation false detection, we found that:

· By simply restricting the usage of the SPS-CRNTI, the average duration of UL SPS activation false alarms can be extended to 46 minutes.
· By further restricting some fields in the PDCCH for VoIP (such as RB assignment and the MCS signalling), the false detection duration can be extended much longer. 
We propose that the UE only detects the SPS-CRNTI for the UL SPS activation during a very limited time duration: from the time that the UE sends the BSR or the first VoIP packet until the time that the UE detects the PDCCH with the SPS-RNTI addressed to the UE.
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