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1   Introduction
As mentioned in the LS from RAN WG1 R2-083825, it is clear that false positive CRC checks on the PDCCH grant messages may lead to serious problems:
“These false SPS activations may lead to serious problems (e.g. some disturbance to a VoIP call every 20 seconds, either on UL or DL), and especially interference for UL SPS transmissions. The severity of false activation of SPS becomes more pronounced when the number of SPS UEs increases.”
Sor far this problem has been discussed from the perspective of false SPS activation or cancellation. 

This document provides some further analysis of the problem of SPS activation, and also considers whether similar problems could arise with regular dynamic uplink grants.
2   SPS activation/dectivation received in error
If a message relating to SPS is received in error, or when none was transmitted, then the following problems can occur until the SPS is terminated:-

· For uplink SPS:-

Transmission using an uplink resource when none was expected by the eNodeB, potentially corrupting other uplink transmissions, and probably followed by one or more re-transmissions (due to non-adaptive HARQ).

· For downlink SPS:-

The UE attempts to decode a PDSCH packet not intended for it, followed by uplink transmission of an NACK (which the eNodeB is likely to either ignore or misinterpret as being from a different UE).

· For uplink or downlink:-
The UE stops transmitting or receiving as it erroneously thinks the SPS has been terminated. 

Methods to improve the reliability of this signalling are required, in particular to reduce the number of falsely detected PDCCHs (i.e. the UE receives a signal which it decodes and the CRC passes, even though no PDCCH was transmitted for that UE). 

Already proposed solutions to improve reliability of SPS grant messages are:

· Increase the CRC length. This may require modification of current transceiver implementation.

· Fix some bits in the PDCCH message to effectively increase the length of the CRC. 
· This not only has the disadvantage that the message contents are restricted, but it is also important to note that there is also a potential problem with performance verification, since without a tested performance requirement, a UE implementation could choose to use the fixed bits to improve the channel decoding performance, which would not have the desired effect of reducing the false detection probability.
· Use RRC or MAC signalling. This implies more overhead. 
· Use two PDCCHs (separated in time).  This adds more delay.

Another solution is that an SPS message is indicated by reception of two PDCCH messages at the same time. The most straightforward approach would be to require that the UE would only accept an SPS-related message if it also received another UE-specific PDCCH message at the same time. Some meaningful possibilities are listed in the table below (but it would not be necessary to support all of them in the specification).

	PDCCH Message 1
	PDCCH Message 2
	Comment

	SPS activation on UL
	SPS activation on DL
	Start of Bi-directional application (e.g. video telephony) 

	SPS activation on UL 
	Normal DL Grant 
	

	SPS activation on UL 
	SPS activation on UL
	Duplicate messages

	SPS activation on DL 
	Normal UL Grant 
	For a UE with no data a BSR would be generated

	SPS activation on DL
	SPS activation on DL
	Duplicate messages


Here we assume that SPS activations carry the SPS-C-RNTI. The same combinations would also be applicable for SPS de-activation.

The main error cases (only applicable for UEs configured for SPS) would be as follows:

· A UE falsely detects two PDCCHs in the same subframe. Two false CRC passes would, however, be very unlikely.
· A UE receiving a normal UL or DL grant falsely detects an SPS grant. Since UEs configured for SPS would probably not be receiving many normal grants, the probability of the joint event is quite low. 

3 Dynamic UL grants received in error

Falsely detected dynamic UL grants also give rise to interference. The fraction of UL resource blocks corrupted by this interference is estimated (in the Annex) to be around 3% for a system bandwidth of 100RBs. The main contribution to this is the transmissions from UEs with no data. 

A solution to this problem would be to limit the UL resource used by a UE which receives a grant but has no data to transmit. Under current assumptions the UE would transmit a Buffer Status Report (BSR), but with padding to fill the granted resource. We propose that in such a case the UE would use a default resource derived from the grant, sufficient to send a BSR (e.g. the smallest number of RBs needed to send a BSR at the lowest available frequency within the resources indicated in the grant). Therefore a corresponding default transport block size could be assumed. There would be some processing impact on the eNodeB. In cases where this BSR could be transmitted with no associated data, and decoding of the normal sized message fails, the eNodeB would need to perform an additional decoding corresponding to the default resource. However, since the transport block size would be small, this would be only a small additional processing load and additional soft buffer space. With this approach the fraction of UL resource blocks corrupted by this interference is estimated to be around 0.7%.
The proposed solution would also reduce the interference from false SPS activation. However, it is not sufficient on its own to solve the SPS problem, since most of the interference is likely to arise from UEs with data continuing transmission on the wrong resources.  

4 Conclusions
In view of the above analysis of the problems caused by false-positive uplink grants (both SPS and dynamic), we propose the following:

Proposal 1: 
A valid SPS message is indicated to a UE by reception of two PDCCH messages at the same time. One message would need to have the SPS-C-RNTI encoded in the CRC. Without a correctly received second message (with either SPS-C-RNTI or C-RNTI) the SPS message would be rejected. This would significantly reduce the occurrence of false-positives, without extra delay or restrictions to the message contents. 
Proposal 2: A UE receiving an UL grant when it has no data to send uses only sufficient resources from the granted allocation to send a BSR. This would be the lowest RB (or RBs) in the granted allocation.
Annex: Uplink Interference Impact of false detection of Uplink Grant for SPS

Semi Persistent Scheduling
Here we focus on the system level interference effects which may be expected when UEs in a cell which are configured with a SPS schedule falsely detect UL grants relating to SPS.

There are three main cases:

(1) The SPS is currently active: The UE will interpret a false grant as a reconfiguration and switch to transmit on a new (random) resource. The call is likely to be interrupted, but here we focus on the interference aspect.

(2) The SPS is currently inactive, the UE has data: The UE will interpret a false grant as an SPS activation start to transmit on a new (random) resource

(3) The SPS is currently inactive, the UE has no data: The UE will interpret a false grant as an SPS activation start to transmit a zero BSR on a new (random) resource until implicit release occurs

In each case the eNodeB will experience interference due to UL transmissions on the resource indicated in the false grant. It seems reasonable to assume that this is equivalent to a randomly selected resource. The major difference between these cases is the duration for which the unwanted transmissions occur.

The amount of interference can be quantified in terms of the average number of RBs per subframe which experience interference. Since this will prevent reception of legitimate transmissions and may corrupt HARQ soft buffers, there is likely to be a corresponding loss in system efficiency.

We make the following assumptions for SPS:-

· The number of unwanted transmissions in cases (1) and (2) is the same (and can be considered under UEs with data)

· Number of transmission attempts per false grant made by UEs with data = 40

· Number of transmissions made by UEs with no data = 4

· Fraction of UEs with data = 0.2

· DRX cycle = 0.1

· Number of UEs per cell per RB of system bandwidth, and configured for SPS = 10

· The UE makes 20 blind PDCCH decoding attempts per subframe for format 0/1A

· The probability of a blind decoding attempt giving a false positive is 
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· Half the false positive blind decoding attempts are apparently Format 0, indicating an UL grant

· The amount of resource indicated by the falsely detected PDCCH is random, and uniformly distributed between 1 RB and the UL system bandwidth

The Table below shows the fraction of RBs made dirty by interference from false UL SPS grants for different system bandwidths.
	System 
Bandwidth (RBS)
	Number of UEs in cell
	Fraction of RBs made dirty per subframe

	6
	60
	0.0051

	12
	120
	0.0103

	25
	250
	0.0214

	50
	500
	0.0427

	100
	1000
	0.0854


Dynamic UL grants

We make the same assumptions can be applied for dynamic UL grants except the following:-

· Number of transmission attempts per false grant made by UEs with data = 4

The Table below shows the fraction of RBs made dirty by interference from false UL (non-SPS) grants for different system bandwidths.
	System 
Bandwidth (RBS)
	Number of UEs in cell
	Fraction of RBs made dirty per subframe

	6
	60
	0.0018

	12
	120
	0.0037

	25
	250
	0.0076

	50
	500
	0.0153

	100
	1000
	0.0305


Dynamic UL grants with fixed RB allocation used by UEs with no data

Further assuming that the resource used by UEs with no data is 1RB (irrespective of grant), the Table below shows the fraction of RBs made dirty by interference from false UL (non-SPS) grants for different system bandwidths.
	System 
Bandwidth (RBS)
	Number of UEs in cell
	Fraction of RBs made dirty per subframe

	6
	60
	0.0009

	12
	120
	0.0012

	25
	250
	0.0020

	50
	500
	0.0035

	100
	1000
	0.0066
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