
3GPP TSG-RAN WG1 Meeting 87
R1-1612293
14 - 18 November 2016, Reno, U.S.A.
Source:
Panasonic
Title: 
Virtual CRC for Two-Stage Grants
Agenda Item:
6.1.7
Document for:
Discussion, Decision
1 Introduction

This document suggests introducing a virtual CRC for two stage grants, along the lines of virtual CRC for SPS activation/release.
2 False Alarm Cases in Two-stage Grants

Overall, there are two major reasons for a false alarm of a two-stage grant:

1. A false detection of a first stage DCI with the PUSCH trigger A field set to 1, followed by a correct detection of a second stage DCI with the PUSCH trigger B field set to 1;

2. A correct detection of a first stage DCI with the PUSCH trigger A field set to 1, followed by a false detection of a second stage DCI with the PUSCH trigger B field set to 1.

2.1 False detection of first-stage DCI

A false detection of the first stage of a two-stage grant occurs if an error remains undetected by CRC, and additionally the PUSCH trigger A field is detected as set to 1. Therefore the probability is half of the probability of a false detection of the DCI format, i.e. roughly 0.5 * pow(2, -16) for a 16-bit CRC.

For a UE that detects all of DCI formats 0A, 0B, 4A, 4B with 16 trials each, the probability of at least one false detection of those DCI formats with PUSCH trigger field A in one subframe is not too high; however any detection of a PUSCH trigger B within a window of {8;12;16;20} subframes needs to be taken into account to arrive at the complete picture. Assuming a maximum of 20 ms validity time, the probability for a false detection of at least one first stage grant within the most recent 20 subframes of a second stage grant for a single UE is around 1%:
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Consequently, we can calculate the number of UEs actively decoding the first stage grant in a subframe to arrive at a certain probability that at least one UE has a false first stage detection under the assumption that a PUSCH trigger B is detected:
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For this approximation, the number of UEs is to be understood as UEs that operate in a rather low SINR. Nevertheless, having 11 UEs operating at the cell edge of the DCI reception causes a false two-stage transmission in roughly every 10th activation by a trigger B DCI, which could be quite detrimental to the eLAA UL performance any may even affect the overall fairness.

For semi-persistent scheduling, a similar risk assessment has been carried out for activation and release DCIs. To reduce the false alarm risk, specific fields in the DCI have been set to a fixed value, and these have to be validated by the UE. This is known as a virtual CRC extension. This approach can be re-used for the two-stage grant. In our view, for two-stage grants it is not necessary to adopt a 6-bit virtual CRC extension, since at most 4 subframes would be affected. A reduction of the false alarm risk by 3-4 bits would be sufficient to arrive at an acceptable false alarm probability level well below 10% over a trigger A validity period.
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 Looking at the first stage grant by DCI Formats 0A/0B/4A/4B, we think that particularly the CSI trigger field and the SRS request field could be utilised as virtual CRC bits without major flexibility loss to the system for the following reasons.
Obtaining an aperiodic CSI report and multiplexing it into a two-stage triggered transmission would be tricky anyway for the UE processing due to the timing uncertainty and corresponding CSI reference subframe determination. In addition, we expect that two-stage UL grants are mainly useful in UL-heavy scenarios, where a full-fledged aperiodic CSI report (reflecting DL channel conditions) is not the top priority. Anyway, an aperiodic CSI report can be alternatively triggered through a licensed PUSCH or a single-stage grant if required.
SRS are mainly useful to obtain the channel condition of the UL channel. However even in UL-heavy scenarios, the channel condition can be obtained through the DMRS that are regularly included in the PUSCH transmissions, or the SRS can be triggered from a single-stage grant. We also note that a false alarm including triggered SRS could have further detrimental effects regarding the generated interference, since the SRS are more likely to span the whole bandwidth compared to the falsely activated PUSCH transmission. Therefore it makes sense to disable the SRS triggering in multi-stage grants anyway.
Considering that in the majority of cases, the CSI field would offer 2-3 bits and the SRS trigger would offer 1-2 bits, a total of 3-5 virtual CRC bits and the corresponding false alarm reduction can be obtained.
Proposal 1: In a DCI Format 0A/0B/4A/4B, the bits in the 'CSI trigger' and the 'SRS trigger' fields are set to '0' in case that the 'PUSCH trigger A' is set to '1'.

Proposal 2: Upon a detection of DCI Format 0A/0B/4A/4B scrambled by C-RNTI with 'PUSCH trigger A' set to '1', a UE shall verify that the bits in the 'CSI trigger' and the 'SRS trigger' fields are set to '0'.
A corresponding text proposal for 36.213, re-using the existing specification text for the SPS virtual CRC extension, is provided in the Annex. A corresponding draft CR is provided in [1].
2.2 False detection of second-stage DCI
A false detection of the second stage of a two-stage grant occurs if an error remains undetected by CRC, and additionally the PUSCH trigger B field is detected as set to 1. Overall, DCI format 1C occupies 15 payload bits (for 20 MHz), out of which 10 are used. Assuming that the remaining 5 bits are reserved and can be used as a virtual CRC, the probability is half of the probability of a false detection of the DCI format 1C.Since there are two trials for the CC-DCI (1x AL4 and 1x AL8), the overall false alarm probability per subframe would be:
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Compared to the false detection of a first-stage grant, this probability is negligible. Therefore we think no further action for the second stage grant is necessary.
Observation: The false alarm probability of the second stage is negligible compared to the first stage. A further reduction of the false alarm probability for the second stage is unnecessary.

3 Summary
Proposal 1: In a DCI Format 0A/0B/4A/4B, the bits in the 'CSI trigger' and the 'SRS trigger' fields are set to '0' in case that the 'PUSCH trigger A' is set to '1'.

Proposal 2: Upon a detection of DCI Format 0A/0B/4A/4B scrambled by C-RNTI with 'PUSCH trigger A' set to '1', a UE shall verify that the bits in the 'CSI trigger' and the 'SRS trigger' fields are set to '0'.

Observation: The false alarm probability of the second stage is negligible compared to the first stage. A further reduction of the false alarm probability for the second stage is unnecessary.
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Annex
----------------------------------------------------- Start Text Proposal --------------------------------------------------------

A UE shall validate an assignment by PDCCH/EPDCCH if DCI Format 0A/0B/4A/4B is detected where all of the following conditions are met: 

-
the CRC parity bits obtained for the PDCCH/EPDCCH payload are scrambled with the C-RNTI
-
the PUSCH trigger A bit is set to '1'.

Validation is achieved if all the fields for the respective used DCI are set according to Table x.y-z.

If validation is achieved, the UE shall consider the received DCI information accordingly as valid. 
If validation is not achieved, the received DCI shall be considered by the UE as having been received with a non-matching CRC.
Table x.y-z: Special fields for triggered scheduling PDCCH/EPDCCH Validation

	
	DCI Format 0A
	DCI Format 0B/4A/4B

	CSI request
	all bits set to '0'
	all bits set to '0'

	SRS request
	set to '0'
	set to '00'


----------------------------------------------------- End Text Proposal --------------------------------------------------------
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