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1
Introduction
In RAN1#80 the following observations [1] were made for the possible enhancements to DL control signalling.
Observations:
· For possible enhancements to DL control signaling,
· For the purpose of self-scheduling itself, no absolutely needed enhancements have been identified

· Please note, that other potential enhancements not specifically related to self-scheduling only are of course applicable as well. 

· The following potential issues applicable to DL control could be studied for the 36.300 CA deployment scenarios:

· Possible extension of the cross-carrier scheduling framework to more than 5 CCs

· FFS including:

· CIF (3bit vs. 5bit) as part of the UL/DL grants

· USS definition (in case of 3bit vs. 5bit CIF)

· Aspects to be considered (not limited to):

· DL control channel capacity limitation

· (E)PDCCH blocking/collision

· PHICH blocking/collision

· Increased false-detection rate with an increasing number DL carriers

· UE DL control decoding limitations incl. increasing number of blind decodes

· Improved UE power saving

· Potential limitations of the eIMTA signaling

Further discussion took place on the issue at RAN1#80bis, where also our previous contribution [5] had been presented. Nevertheless, we would like to reiterate the points made there as the discussions in RAN1 are still ongoing. 
For the interested reader and follower of our presentation on that topic at RAN1#80bis, we would like to point out the additional new content compared to our contribution [5]: Besides some updated false detection calculation in Table 1 (now also showing the false detection rate as a function of the number of blind decodes), we present a candidate solution for mitigating the false detection problem in Sec. 3 that has not been discussed and presented previously. 
2
Discussion
False detections may occur at the UE side when a CRC check passes even though it should not. In other words, there is a possibility of a UE falsely/incorrectly considering a (E)PDCCH to be destined to itself. This may occur where the CRC check of the (E)PDCCH by a UE is correct even though the (E)PDCCH was not, in fact, intended for that UE or not indented as a (E)PDCCH for any UE. False detection may occur if the effects of transmission errors caused by the radio channel, noise and UE identifier mismatch cancel each other. 
The DL data decoding capability needs to be extended in the UE when increasing the number of supported DL component carriers. Hence, it makes sense that (E)PDCCH blind decoding capability is increased linearly with the DL data decoding capability. This will mean that increasing the number of CCs will increase the false-detection rate linearly with an increasing number of DL carriers.
Each false detection of (E)PDCCH DL assignment will trigger HARQ-ACK transmission in UL side. This is problematic since PCell PUCCH may carry HARQ-ACK corresponding to all DL component carriers. With UL scheduling, the consequences of false detection will spread evenly among all UL CCs. In that sense, false detection related to detection of UL grants may not differentiate too much from existing Rel-12 scenarios. Furthermore, the number of supported UL carriers is typically lower than the number of DL carriers, making the likelihood of a false positive detection of an UL grant less likely. Therefore, we propose the following focus:
Proposal 1: The false detection considerations should focus on the problem of false detection of DL assignments.

2.1
False detection probability
In the following we illustrate the false detection probability related to DL assignments.  Assuming that a UE decodes weak signals with bit error probability of 50%, then the false detection probability for a single UE, and single CC, and a single blind detection is 
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 is the CRC length. If a UE performs 
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 blind decodes per cell for C cells simultaneously, and there are 
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 UEs receiving weak signals, the system level probability for one or more false detections for at least one UE and one cell, in each subframe is approximately [2]
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(Equation 1)
We need to consider the false detection rate for all the configured component carriers, as the HARQ-ACK of the false detection of DL assignment of any component carrier will have the effect of an unwanted PUCCH transmission on the PCell. Table 1 shows the false detection probability/subframe with 1 UE and 10 UEs in a network which all share the same PCell (or have the same serving cell configured for PUCCH transmission), where each UE is configured with a certain number of component carriers for CA. The calculation is based on the following assumptions:
·      M=16+8   (# of blind detections/cell related to DL resource assignments). This assumes that 50% of the DCI formats corresponding to size of DCI 0/1A are interpreted as DCI format 1A. The impact of CSS is ignored in this calculation.
·      K=16  (CRC length)
·      C=[1, 2, 3, ..., 32]  (number of configured CCs)
·      L=[1, 10]   (number of UEs)
·      Column (# of BDs/UE) illustrates the total BD budget for an UE. It assumes SU-MIMO capable UE where  the total number blind decodes for all CC involves (12+C*48) blind decodes (i.e. UE having CSS on PCell only and C component carriers configured all having DL & UL with SU-MIMO operation).
Table 1. False PUCCH probability/subframe with 1 UE and 10 UEs, FDD.
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# of CCs

# of 

BDs/UE

L=1 L=10

1 60     0.0004     0.0037 17 828     0.0062     0.0604

2 108     0.0007     0.0073 18 876     0.0066     0.0638

3 156     0.0011     0.0109 19 924     0.0069     0.0672

4 204     0.0015     0.0145 20 972     0.0073     0.0706

5 252     0.0018     0.0181 21 1020     0.0077     0.0740

6 300     0.0022     0.0217 22 1068     0.0080     0.0774

7 348     0.0026     0.0253 23 1116     0.0084     0.0808

8 396     0.0029     0.0289 24 1164     0.0088     0.0841

9 444     0.0033     0.0324 25 1212     0.0091     0.0875

10 492     0.0037     0.0360 26 1260     0.0095     0.0908

11 540     0.0040     0.0395 27 1308     0.0098     0.0941

12 588     0.0044     0.0430 28 1356     0.0102     0.0975

13 636     0.0047     0.0465 29 1404     0.0106     0.1008

14 684     0.0051     0.0500 30 1452     0.0109     0.1040

15 732     0.0055     0.0535 31 1500     0.0113     0.1073

16 780     0.0058     0.0569 32 1548     0.0117     0.1106

  
One can note that that in the scenario with 10 UEs, the probability when at least one UE is transmitting PUCCH on PCell due to false positive detection of a DL assignment would be considerable (>11.1% with 10 UEs, and 32 CCs). One can also note that the difference between Rel-12 scenario (up-to 5 CCs) and Rel-13 scenario (up-to 32 CCs) is considerable. One should also note that the probabilities for erroneous PUCCH transmission due to false positive detection of a DL assignment are even larger for TDD where single PUCCH transmission may report HARQ-ACK feedback for multiple subframes. 
Observation 1: False detection problem related to blind detection of DL assignments exists in Rel-13 CA scenario

It is noted that unwanted PUCCH transmission contains just false NACK(s) and eNB does not try to detect such transmissions. If false detection problem related to blind detection of DL assignments is not solved, it would mean that there is a risk for severe performance degradation for PUCCH on PCell. The consequences of unwanted PUCCH due the false detection problem include PUCCH collisions in the own cell and excessive, unnecessary PUCCH interference to be generated towards neighbouring cells. Hence, there is a need for solution to avoid those problems.
Proposal 2: Solution(s) to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers need to be studied in Rel-13 CA 

3
Candidate solutions for mitigating the false detection problem

Three different methods to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive detection of DL assignments have been identified. 
·    Option #1: Reduce the maximum number of blind decodes as a function of number of supported CCs. The reduction may or may not involve usage of joint grants [3].
·    Option #2: Increase the length of CRC [4]
·    Option #3: Drop PUCCH transmission in the cases when PDSCH detection is failed on predetermined Scell(s)
As discussed in [4], some companies raised the issue that the number of blind decodes might become too high when increasing the number of CCS to 32 and keeping the number of blind decodes (BD) per CC unchanged (i.e. linear increase of the number of blind decodes with the number of supported CCs). Reducing the total number of BDs/UE reduces the false positive probability according to Equation 1. The impact on unnecessary PUCCH transmissions can be seen from Table 2. For example, when considering the scenario with 10 UEs and 32 CCs/UE, the probability when at least one UE is transmitting PUCCH on PCell due to false positive detection of a DL assignment would reduce from 11% to 2.9% when the number of BDs/UE is reduced by 75% (i.e. from 1548 to 396).
Option #2 aims at solving the false detection problem by means of increasing the CRC length. The problem of this approach is that it increases the DCI overhead in DL. Hence, it will have negative impact to (E)PDCCH coverage and capacity. LTE will need to operate with two different CRC lengths (i.e. Rel. 8 and the new, longer CRC) and therefore DCI sizes. This will create additional effort in the UE as well.
Option #3 aims at solving the problem by a specific PUCCH configuration where the UE is configured to drop the PUCCH in the cases when cases when PDSCH detection is failed on predetermined Scell(s). The logic behind is that in the case of false positive, the related PDSCH detection will always fail. Hence, the corresponding HARQ-ACK feedback will be “NACK” or “NACK, NACK”. 
·    In this method, eNB configures a threshold X of DL grants with PDSCH failure. 

· The threshold X may be e.g. X=1. 
· In the case when the threshold is not exceed, i.e. only one (E)PDCCH is detected and the corresponding PDSCH detection on SCell is failed (i.e. “NACK”), then the PUCCH is dropped. The corresponding DL HARQ soft-buffer may not be updated either.
· Otherwise if the threshold is exceed, i.e. more than X (E)PDCCHs is detected all having failed PDSCH decoding (i.e. sequence of “NACK”s) or at least one PDSCH is detected correctly (i.e. at least one “Ack”), then UE operates according to Rel. 10 CA behavior, i.e. reports HARQ-ACK and updates DL HARQ-buffer according to current rules.
·    It’s very likely that when the UE drops PUCCH, the reason is false detection instead of failed PDSCH. This is due to the fact that:

· In the considered eCA scenario, it’s very likely that eNB schedules (much) more than X cells at a time. Hence, the probability that UE will receive all scheduled PDSCHs with error is very small
· The same applies to the case with DL grant failure(s) where eNB schedules more than X PDSCH, but UE receives only up-to X (E)PDCCH.
·    From eNB’s point of view, (undesired) PUCCH dropping can be seen as an error case where UE lost all the (E)PDCCH/PDSCH scheduled by eNB. This kind of functionality is part of current CA operation already. 
·    By having a threshold of X configured, the probability of unnecessary PUCCH transmissions can the dramatically reduced to the joint probability of having (X+1) false positive errors (e.g. with X=1 from ~1.2% to about 0.014% for a single UE having 32 CCs without a need to decrease the number of blind decodes)

·    The threshold X could be UE-specific and in case of PUCCH on SCell configurable for each PUCCH group separately by the eNB. Thereby, the eNB would be still in full control of unnecessary PUCCH transmissions related to SCell(s) with proper configuration of threshold X. In case of a low number of configured DL CCs and/or small number of UE sharing PUCCH the eNB might refrain from configuring the threshold at all (i.e. X=0). For a scenario with a large number of UEs having a large number of CCs a threshold of e.g. X=1 might be considered a useful configuration in order to keep the number of unnecessary PUCCH transmissions under control. 
Based on discussion above, we make the following proposal:
Proposal 3: Consider Option #1 and Option #3 as potential solutions to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers.

4
Conclusions
In this contribution we have discussed increased false-detection rate involved with increasing number DL carriers. Based on the discussion we make the following observation and proposals:
Observation 1: False detection problem related to blind detection of DL assignments exists in Rel-13 CA scenario

Proposal 1: The false detection considerations should focus on the problem of false detection of DL assignments.

Proposal 2: Solution(s) to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers need to be studied in Rel-13 CA.
Proposal 3: Consider Option #1 and Option #3 as potential solutions to prevent the negative impact of unnecessary PUCCH transmissions due to increased false positive blind detection of DL assignments with a large number of configured DL component carriers.
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