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Discussion and Decision

1
Introduction
During the email discussion and in [1] it was shown that a false positive persistent grant for UL can have serious effects. We share the concern and propose here a simple solution which is in line with RAN2 agreements. 

2
False positive persistent UL grant
In [1], it was shown that with current assumptions a false positive can occur for a user every 3-32 s depending on the assumptions. As a consequence of a false positive, a talk spurt can be lost completely or partially several times during a normal voice call. This implies that in practice all semi-persistently allocated calls do not fulfil the quality requirements. In addition a false positive causes unnecessary interference to the system.

The false positive is due to several blind decodings as well as to fairly short (16 bit) CRC on PDCCH. 
3
How to get rid of false positive for UL persistent scheduling
RAN2 has agreed so far, the persistent scheduling is configured by RRC signalling, i.e., the feature is turned on/off by RRC signalling and the periodicity of the persistent scheduling (PS_PERIOD) is given by RRC signalling. The exact timing as well as the resources and transport format parameters are sent on L1/L2 control channel (PDCCH) as normal UL grant. If the UL grant is missed (there is no UL transmission), eNB can send the UL grant again.

A simple solution that is in line with the above agreement and can reduce the probability of false positive to an acceptable level is to send the persistent UL grant on PDCCH twice. The UE is allowed to transmit using the persistent parameters only after receiving two identical persistent allocations. Effectively, the CRC length is doubled to 32 bits and in addition the content of the two allocations should be identical thus making a false positive in practice impossible.
Proposal 1: Persistent allocation is triggered by receiving two PDCCHs indicating persistent UL grant with same L1 parameters.
At first glance it may look that this solution increases the delay of getting the persistent allocation in use and that this increases the use of PDCCH. But this is not the case as shown below.

At the beginning of the talk spurt (UE MAC notices that there is speech packet coming) UE should send an uplink scheduling request (SR) to the eNode B. The SR is sent on a dedicated resource. For VoIP we assume that SR resource is available at least every 10 ms. Then eNB gives the UE a first persistent uplink grant (a tentative persistent UL grant) by sending L1/L2 UL grant which indicates that it should be stored. The UE stores the parameters but still interprets the allocation as a dynamic one-time allocation and sends the VoIP packet. After receiving the first packet, the eNB knows that persistent allocation is really needed and can send the second persistent UL grant. When the UE receives the second persistent UL grant with identical resource allocation, then the UE is allowed to use these parameters persistently. If the second persistent UL grant is not received, then the UE discards the stored parameters (e.g., after PS_PERIOD).
Proposal 2: The two persistent UL grants should be received (e.g.) within a timer (configurable).
With this scheme, the SID frames can also be allocated “persistently”, i.e., when receiving a SR for a SID frame (eNB does not know whether it is SID or full VoIP packet or something else), the eNB can send the first persistent UL grant and after receiving the SID frame, eNB does not send the second persistent UL grant and thus the UE discards the stored parameters of the first allocation.
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Figure 1: Persistent allocation of UL VoIP

Persistent allocation of UL VoIP is illustrated in Figure 1.

4
Conclusion
In order to get rid of false positive persistent UL grants, it is proposed that two identical persistent UL grants have to be received within a timer before the UE is allowed to send persistently without UL allocation.
Proposal 1: Persistent allocation is triggered by receiving two PDCCHs indicating persistent UL grant with same L1 parameters.
Proposal 2: The two persistent UL grants should be received (e.g.) within a timer (configurable).
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