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Discussion and Decision
1
Introduction

During RAN2#61bis, it was agree to use PDCCH signalling to activate semi-persistent resources for both DL and UL, where the CRC of the PDCCH is masked with an UE specific C-RNTI assigned specifically for semi-persistent scheduling (semi-persistent C-RNTI). [1] addressed the possible negative impact of an UE falsely detecting a PDCCH for UL grant with the semi-persistent C-RNTI (“false UL semi-persistent assignment detection”). This contribution addresses mechanisms to minimize the impacts of such false detection.

2
Discussion
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Figure 1

The first horizontal axis (the one on top) in Figure 1 shows a time diagram of how semi-persistent resources could be allocated in the UL under normal conditions (i.e. no false UL semi-persistent assignment detection). The red, yellow and light blue carrots indicate the “SR-PUCCH” (PUCCH resource for SR) subframe assigned via RRC, speech packet arrival timing and semi-persistent subframe assigned via PDCCH. The red, thin green, thick green, thin light blue and thick light blue arrows indicate instances of SR transmission, dynamic UL resource assignment via PDCCH, transmission of BSR (and optionally a speech packet) over dynamic UL resource, semi-persistent UL resource assignment via PDCCH and transmission of speech packet over semi-persistent UL resource.

The second horizontal axis (the one on bottom) in Figure 1 shows possible occurrences of false UL semi-persistent assignment detection. The grey arrows indicate instances of false UL semi-persistent assignment detection on PDCCH and the grey carrots with the same number indicate the instances of “false” UL semi-persistent resource. The time diagram is divided into five time periods (i.e. Time A to Time E), which will be referred to in the following discussion.

Case 1: No data exits in the UE transmission buffer
If false UL semi-persistent assignment detection occurs during Time A in Figure 1 (i.e. up until the grey arrow numbered “1”), UE has no data to transmit (e.g. during a silent period), and so the UE will transmit an empty BSR at the “false” semi-persistent subframe. In [1], it has been proposed to define the event of an empty BSR as a trigger for the UE to implicitly release its UL semi-persistent resources. This implicit release mechanism is a robust way to overcome the impacts of false UL semi-persistent assignment detection. If this implicit release mechanism is not supported, the UE will continue to transmit an empty BSR periodically at its false semi-persistent subframe, and will generate interference in the system.

Case 2: Data exists in the UE transmission buffer
If false UL semi-persistent assignment detection occurs after Time A in Figure 1 (i.e. after the grey arrow numbered “1” ), UE has data to transmit (e.g. during a talk spurt), and so the UE will transmit data (i.e. speech packet) at the false semi-persistent subframe. At one glance, it seems that the UE might even continue to periodically transmit data at the false semi-persistent subframe until there is no more data in its transmission buffer (i.e. until the end of its talk spurt), when the UE finally transmits an empty BSR and releases the semi-persistent resources according to Proposal 1. However, a deeper analysis is provided below.
During Time E in Figure 1 (i.e. after the grey arrow numbered “4”), the eNB has already assigned a “true” UL semi-persistent resource to the UE. A false UL semi-persistent assignment detection during this time will result in the eNB decoding over the true UL semi-persistent resource which is different from the false UL semi-persistent resource over which the UE transmits, and the eNB will detect continuous CRC failures. If the eNB scheduler is implemented in such a way that it reassigns UL semi-persistent resources to an UE after detecting N consecutive CRC failures over the true UL semi-persistent resource, this mismatch will be resolved after N consecutive semi-persistent subframes. With such an eNB implementation, protection against false UL semi-persistent assignment detection can be provided to a certain extent.

During Time B, Time C and Time D (i.e. after the grey arrow numbered “1” and before the grey arrow numbered “4”), UE has data to transmit, but the eNB has not yet allocated a true UL semi-persistent resource to the UE (e.g. at the beginning of a talk spurt). Therefore, neither of the two approaches mentioned above (implicit release by UE at transmission of empty BSR nor reassignment by eNB at detection of N consecutive CRC failures) solves the error due to false UL semi-persistent assignment detection during these times.

However, if false UL semi-persistent assignment detection occurs during Time C or Time D (i.e. after the grey arrow numbered “2” and before the grey arrow numbered “4”), the UE will transmit a SR over the SR-PUCCH (as in the red arrow in Figure 1), since the SR-PUCCH timing occurs before the UE receives any UL grant. Then, the eNB should assign UL dynamic resource to the UE in response to the SR, since from the eNB point of view, UL semi-persistent resource has not been assigned to the UE. Then, if the false UL semi-persistent assignment detection occurred during Time D (i.e. after the grey arrow numbered “3” and before the grey arrow numbered “4”), the UE would respond with a BSR indicating the size of a speech packet. The eNB can then detect the start of a talk spurt and allocate a true UL semi-persistent resource to the UE, which would result to override the false UL semi-persistent assignment detection that occurred during Time D. The same behaviour would result with false UL semi-persistent assignment detection during Time C (i.e. after the grey arrow numbered “2” and before the grey arrow numbered “3”) if the false UL semi-persistent grant is small enough. On the other hand, if false UL semi-persistent assignment detection occurs during Time C and the false UL semi-persistent resource is large enough to empty the speech packet, the UE will transmit an empty BSR over the dynamic UL resource which the eNB assigned in response to the SR. Then, the eNB will not be able to detect the start of the talk spurt (the eNB will think that it falsely detected the SR on PUCCH). However, the arrival of the next speech packet will trigger another SR from the UE. Then, if the eNB scheduler is implemented in such a way that it assigns UL semi-persistent resource to an UE after detecting SR from the UE on N consecutive SR-PUCCH subframes (even if an empty BSR is received over the dynamic UL resources it assigned in response to the SR), the false UL semi-persistent assignment detection will be resolved after N consecutive SR-PUCCH subframes.

When false UL semi-persistent assignment detection occurs during Time B (i.e. after the grey arrow numbered “1” and before the grey arrow numbered “2”), however, there seems to be no way to resolve this error by eNB implementation since even the transmission of the SR would be cancelled by the false UL semi-persistent assignment.

Restricting the PDCCH payload code points to reduce false detection probability
The impact of false UL semi-persistent assignment detection can be reduced to a large extent with the above mentioned eNB implementation solutions. However, a more direct approach in minimizing the impact of false UL semi-persistent assignment detection would be to reduce to probability of false UL semi-persistent assignment detection itself. This can be done by restricting the code points of the PDCCH payload for UL grant with semi-persistent C-RNTI. For example, UL grant format 0 in R1-081525 comprises of the following:

· Format (1bit)

· Hopping flag (1bit)

· RB assignment (13bits)

· MCS (5bits)

· NDI (1bit)

· TPC (2bits)

· Cyclic shift for DMRS (3bit)

· CQI request (1bit)

· CRC masked with C-RNTI (16bits)

This means that there are 2^27 code points of the PDCCH payload for UL grant without any restrictions. If RB assignment is limited to 8bits and MCS is limited to 3bits for PDCCH for UL grant with semi-persistent C-RNTI, this would reduce the false UL semi-persistent assignment detection probability by a factor of 128 ([2^11]/[2^18]).
3
Conclusion
This contribution addressed several mechanisms that would minimize the impact of false UL semi-persistent assignment detection by the UE. From the discussion in section 2, it is proposed to support the following along with eNB implementation solutions to cope with this error case:

Proposal 1: UE implicitly releases UL semi-persistent resources at the event of transmitting an empty BSR.

Proposal 2: PDCCH payload code points for UL grant with semi-persistent C-RNTI are restricted.
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