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1
Introduction
The effects of a false positive semi-persistent UL grant were discussed in [1] contributed to RAN2#61bis. It was shown that especially in UL, a false positive semi-persistent grant can have serious effects. In RAN2#62, two different solutions to solve the false positive problem were presented: a double PDCCH allocation to activate semi-persistent scheduling [2] and a single PDCCH solution with new PDCCH format [3],[4]. After voting RAN2 selected the single PDCCH solution with new PDCCH format for semi-persistent scheduling activation. An LS [5] to RAN1 was sent asking RAN1 to evaluate the problem of false positive and indicate how many extra (“virtual”) CRC bits on PDCCH should be reserved to get the false positive probability to an acceptable level and which PDCCH fields could be reserved for virtual CRC.
2
Time between false positive grants
In [1] it was shown that with 16 bit CRC, 20 blind decodings of UL grants (PDCCH format 0) per TTI, and 4/20 DRX ratio, a false positive UL grant is detected on average every 16s for one UE. That UE then typically loses a talk spurt by sending it using a random resource while eNB is not receiving it but instead is experiencing interference. From a single user point view, several talk spurts may be lost during a call whereas from network point of view, most of the time some UE will be interfering using false positive UL grant. The bad thing from the eNB point of view is that there is practically no ways to stop the false positive UE’s transmissions.
Similar calculations are valid for DL, however, the problem is less severe in DL especially if the following is assumed:
-
UE does not send NACK when receiving persistently allocated PDSCH, only ACKs are sent;
-
semi-persistent allocation is released implicitly when nothing is received for N consecutive semi-persistent periods

The above calculations show that the false positive problem is serious especially in UL. And some solution is needed.
3
Solutions to false positive problem
3.1
Single PDCCH with new PDCCH format
In RAN2 a single PDCCH solution with new PDCCH format was selected. The idea is to redefine some fields of PDCCH in order to get some bits that can have fixed value. The following fields were proposed to be fixed in [4]:
-
5 bits from PRB allocation

-
2 bits from MCS

This would give 7 “virtual CRC” bits and the time between false positive UL grants would be extended on average to 2048s or 34 minutes. This implies that during a conference call every user will lose a few talk spurts. In a cell with, say, 100 UEs configured for SPS, a false positive UL grant will occur on average every 20 s which in our opinion is too often.
In [3], in addition to changes in PRB allocation and MCS, also NDI, CQI request, TPC and cyclic shift for DM RS were proposed to be fixed (and thus they cannot be used in SPS allocation). With 10 “virtual CRC” bits the average time between false positive UL grants would be extended to 4.5 hours. From a single user point of view this starts to be acceptable but from network point of view in cell with 100 SPS configured UEs, a false positive will happen every 2-3 minutes.
Since false positive grants cannot be totally avoided, other tricks are needed in addition to limit the interference generated to a minimum.
The disadvantages with the single PDCCH solution with new PDCCH formats are:

-
separate definitions are needed for every PDCCH format and bandwidth (in practice new PDCCH design for SPS)
-
limitations in SPS allocations due to fixed fields

-
ACK/NAK resource for DL SPS may not be possible to indicate with PDCCH
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Figure 1: SPS allocation in UL with single PDCCH
3.2
Double PDCCH
A simple solution with double PDCCH was presented in RAN2 [2]. With that scheme, after receiving SR from the UE, eNB - instead of first sending dynamic allocation and afterwards a semi-persistent allocation – sends first a tentative semi-persistent allocation and if appropriate confirms it with another semi-persistent allocation. With this solution, the false positive problem disappears (the probability that two random semi-persistent allocations were identical is negligible). The advantages of this solution are:

-
no limitations on allocation (all the fields can be used freely)

-
no separate definitions for different PDCCH formats

-
no new PDCCH formats

-
no extra PDCCH signalling compared to single PDCCH solution for UL

As indicated above, for DL the false positive problem is less serious and single PDCCH solution can be adopted even without fixing some fields. 
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Figure 2: SPS allocation in UL with double PDCCH
4
Conclusion
False positive grants are shown to be serious problem, especially in UL. The solution selected by RAN2 has several drawbacks are requires new PDCCH formats for SPS. A simple double PDCCH solution was shown to be more robust and simpler to implement into RAN1 specs. We recommend that RAN1 proposes double PDCCH solution to be selected for SPS activation for UL. For DL, the false positive problem is less serious and single PDCCH solution is adequate.
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