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1
Introduction
In their incoming LS [1], RAN2 indicates that they decided to use a single PDCCH to activate Semi-Persistent Scheduling (SPS), and requests RAN1 to progress the work on the following issues:

· To evaluate if there is a serious problem with false activation of SPS due to PDCCH CRC false positives

· If a problem is found, indicate how many additional bits of ‘virtual’ CRC are required (if any) and which PDCCH fields can be used for uplink and downlink.

· For UL ACK/NAK resource allocation for DL SPS, to evaluate the need for more flexibility than provided by RRC signalling alone and, if need is found, to indicate which PDCCH fields (of the DL activation grant) can be used.
In this contribution, we outline our views on these issues.
2
Discussion

2.1 Impact of False Activation of SPS
Here we will first look at the time between false positive grants due to the residual detection errors from the 16-bit CRC, following by evaluating the impact of false activation SPS for uplink and downlink transmissions.  
2.1.1 Time between False Positive Grants

Case 1: No DRX

For each UE, the average time between two false positive UL (or DL) PDCCH grants is roughly 4.1 seconds, due to the following:

· Since 16-bit CRC is used for all PDCCH formats, on average there is a false positive activation after 216 CRC checks.
· Assume that DL and UL grants are equally split, the probability of UL PDCCH grants is ½. 
· UE performs PDCCH blind decodes in every subframe (1ms), and there are 32 UE-specific blind decodes

· Thus, the average time is given by 
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Case 2: DRX Enabled
Consider that the UE wakes up one subframe every 20ms. Due to H-ARQ re-transmissions, it is obvious that the UE has to attempt to receive PDCCH grants over multiple subframes. It seems reasonable to assume 4 subframes every 20ms. Thus,  the average time between false positive UL PDCCH grants is 4.1x20/4 = 20.5 seconds.
Case 2: DRX + Voice Activity Factor
Assume a voice activity factor of ½, a VoIP-only UE on average loses part of the UL talk spurt every 20.5x2=41 s because it is sent on a UL resource corresponding to a false positive PDCCH grant.
2.1.2 Impact due to UL False Activation of SPS
When false activation of SPS occurs due to UL PDCCH CRC false positives, the following will happen:

· The UE with false activation transmits on the non-assigned resources, and looks for ACK/NAK feedback in the associated SPS resource location. These un-authorized UL transmissions may collide with scheduled UL transmissions in the same cell, and inevitably cause UL interference to other neighboring cells. 
· The scheduled UE(s) with overlapping UL resources in the same cell are subject to aggravated UL transmission failures, which cause inefficient UL resource utilization in the given cell and increased UL interference to other neighboring cells.
· The eNB has no knowledge about the UE performing UL PUSCH transmissions in response to a false positive SPS grant. The eNB does not decode the data from that UE, hence all the UL traffic from that UE is lost until UE stops using that resource. Detecting and stopping the jamming UE at the eNB would be a major undertaking – if even feasible. 
· The ACK/NAK that the UE is looking for may be un-occupied, or corresponding to another UE. The ACK/NAK association may also change over time. Thus, the UE cannot release the SPS resource based on the assumed constant reception of NAKs. 
Note that bearers using RLC UM cannot detect something is wrong. Bearers using RLC AM may find that STATUS is reporting a worrying number of missing RLC PDUs. However, if only VoIP uses the SPS grant, the UE cannot detect the false positive, as it will likely use RLC UM.
The duration of the above impact depends on UE buffer status. If UE has an empty buffer, it will only send an empty BSR, after which the resources will be implicitly released - as RAN2 agreed to have implicit UL release at the RAN2#62 meeting. If UE has data, it will continue performing PUSCH transmissions on the false resource at every SPS interval until the data is depleted. 
These negative impacts (UL data lost, inefficient UL resource utilization, increasing UL interference, etc.) are more pronounced when the number of SPS UEs in the cell increases. 
2.1.3 Impact due to DL False Activation of SPS
Upon receiving a false DL SPS grant, the UE attempts to decode on some random PDSCH locations. The probability of PDSCH CRC pass is roughly 2-24 = 6x10-8, for which the ACKs sent by the UE will interfere with other UL traffic. Otherwise, the UE will NAK for the false DL SPS transmissions. If the NAKs for SPS transmissions are DTXed, it will not cause any problem over the air. Note that the UE unnecessarily wastes battery in decoding PUSCH where it never receives any data.
2.2 
 “Virtual CRC” for More Robust SPS Activation
Given its consequences, the average time of 41s between false SPS activations for VoIP is certainly unacceptable. It is desirable to significantly increase the average time of false SPS activations to, say, in the order of hours, if not longer. This necessitates a more robust mechanism to activate SPS. 
RAN2 decided to use a single PDCCH to activate SPS under the assumption that, should RAN1 find the false SPS activation be a real problem, then a “Virtual CRC” would be used to expand the 16-bit CRC and lower the false activation rate.  That is, we can virtually grow the length of CRC by setting fixed and known values to some of the PDCCH fields that are not useful for SPS. The UE shall ignore the PDCCH for SPS activation if the values in these fields are not correct. 
To ensure a sufficiently low false SPS activation probability, the number of additional bits, N, for “Virtual CRC” can be determined by following. The average time between false SPS activations for VoIP due to “virtual CRC” can be estimated as 
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 hours. For instance, if we choose N=10, T(N)=11.7 hours, while for N=6, T(N)= 0.73 hours.
MIMO operation with SPS does not seem to be that useful. Note from Section 7.1 in [2] that, DCI format 1A is supported by all transmissions modes. Therefore, we will focus on PDCCH format 0 and format 1A and identify the number of bits fixed and known for virtual CRC. Given format 1A, there does not seem to be a compelling reason to have DCI format 1 for the purpose of SPS activation. 
2.2.1  UL SPS Grants: Format 0

The N =10 bits come from the following:

· Resource allocation (2 bits): always set the 2 MSB bits to 00, such that large bandwidth SPS activation is disallowed.
· MCS (1 bit): always set the first MSB bit to 0, such that large MCS values are disallowed.

· NDI (1 bit): always set to 0
· TPC (2bits): always set to 00

· Aperiodic CQI (1 bit): always set to 0
· Cyclic shift for DM RS (3bits): always set to 000 
2.2.2 DL SPS Grants: Format 1A
The N = 6 bits come from the following:

· Resource allocation (2 bits): always set the 2 MSB bits to 00, such that large bandwidth SPS activation is disallowed.
· MCS (1 bit): always set the MSB 1 bit of the 5 bits MCS to 0, such that large MCS values are disallowed.

· NDI (1 bit): always set to 0
· Redundancy Version (2 bits): always set to 00

2.3 
UL ACK/NAK Resource Allocation for DL SPS
RAN2 has decided to use RRC for allocating the UL ACK/NAK resource for DL semi persistent scheduling as a baseline. We believe that additional flexibility in UL ACK/NAK resource allocation for DL SPS by using PDCCH is necessary.
The allocation of UL ACK/NAK resources for DL SPS transmissions and dynamically resources in any given subframe has to be orthogonal. If RRC signalling for UL ACK/NAK resource allocation for DL SPS is the sole mechanism for SPS transmissions, either a unique UL ACK/NAK resource is reserved for every SPS UE, or a group of UEs may share the same UL ACK/NAK resource. The former does not put any restriction on UL scheduler, but incurs larger UL control overhead. On the other hand, while the latter reduces UL control overhead, it also introduces restrictions on DL scheduling in order to avoid UL ACK/NAK collisions. Moreover the eNB may have to delay sending a DL VoIP packet until one of the shared UL ACK/NAK resource becomes available. 
In order to minimize UL control overhead while minimizing scheduling limitations and delay, it is proposed to utilize PDCCH as well in allocating UL ACK/NAK resources for DL SPS UEs. By doing this, we can exploit the statistical multiplexing gain typically inherent in applications suitable for SPS scheduling.

It is believed that 2 or 3 bits from PDCCH is sufficient. The following details the case when 2 bits in PDCCH are reserved for the purpose of UL ACK/NAK resource allocation for DL SPS:
DL SPS Grants: Format 1A

· TPC (2 bits): to indicate the selected UL SPS ACK/NAK resource configured by RRC signalling

3
Conclusions 

In this contribution, we identify the potential severe impacts of false activation of SPS due to UL and DL PDCCH CRC false positives. We specify the PDCCH fields in DCI formats 0 and 1A that can be used to virtually expand the 16-bit CRC for more robust uplink and downlink SPS activations. Besides RRC signalling, it is proposed to reserve 2 bits in PDCCH DCI format 1A for additional flexibility in UL ACK/NAK resource allocation for DL SPS.
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Annex – Suggested Standard Text Changes (36.212)
5.3.3.1.1
Format 0

DCI format 0 is used for the scheduling of PUSCH. 

The following information is transmitted by means of the DCI format 0:

- Flag for format0/format1A differentiation – 1 bit

- Hopping flag – 1 bit

- Resource block assignment and hopping resource allocation – 
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- For PUSCH hopping:



- NUL_hop bits are used to obtain the value of 
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 bits provide the resource allocation of the first slot in the UL subframe

- For non-hopping PUSCH:
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 bits provide the resource allocation of the first slot in the UL subframe

- Modulation and coding scheme and redundancy version – 5 bits

- New data indicator – 1 bit

- TPC command for scheduled PUSCH – 2 bits

- Cyclic shift for DM RS – 3 bits

- UL index (2 bits, this field just applies to TDD operation)

- CQI request – 1 bit

If the number of information bits in format 0 is less than for format 1A, zeros shall be appended to format 0 until the payload size equals that of format 1A.

When DCI format 0 is used with the Semi-Persistent Scheduling C-RNTI, the UE shall discard the content of this DCI if any of the following conditions is not met

· Resource allocation: the 2 MSB bits set to ‘00’ value
· MCS: the MSB set to ‘0’ value
· New data indicator: set to ‘0’ value
· TPC command for scheduled PUSCH: set to ‘00’ value
· Cyclic shift for DM RS: set to ‘000’ value 

· CQI request: set to ‘0’ value
5.3.3.1.3
Format 1A

DCI format 1A is used for the compact scheduling of one PDSCH codeword. DCI format 1A can be used for scheduling PDSCH to UEs configured in any transmission mode. 

The following information is transmitted by means of the DCI format 1A:

- Flag for format0/format1A differentiation – 1 bit

- Localized/Distributed VRB assignment flag – 1 bit

- Resource block assignment – 
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- For localized VRB: 
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- For distributed VRB: 

- For 
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- 1 bit indicates if 
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 bits provide the resource allocation 
- Modulation and coding scheme – 5bits

- HARQ process number – 3 bits (FDD) , 4 bits (TDD)

- New data indicator – 1 bit

- Redundancy version – 2 bits

- TPC command for PUCCH – 2 bits

- Downlink Assignment Index (this field just applies to TDD operation) – 2 bits

If the number of information bits in format 1A is less than for format 0, zeros shall be appended to format 1A until the payload size equals that of format 0.

When DCI format 1A is used with the Semi-Persistent Scheduling C-RNTI, the UE shall discard the content of this DCI if any of the conditions below is not met

· Resource allocation: the 2 MSB bits set to ‘00’ value
· MCS: the MSB bit set to ‘0’ value
· New data indicator: set to ‘0’ value
· Redundancy version: set to ‘00’ value
When DCI format 1A is used with the Semi-Persistent Scheduling C-RNTI, the TPC command for PUCCH shall be interpreted as the indicator to the selected UL ACK/NAK resource for the DL SPS configured by RRC signalling.
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