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1
Introduction
In [1], the issue of confusing multiple PDCCH aggregation levels in PDCCH blind decoding was presented. In this contribution, we will provide more details on the issue. In particular, we discuss in further details the difficulty from both UE implementation and eNB implementation perspectives in attempting to resolve the ambiguity. Simulation results are provided to illustrate the gravity of the issue. Finally, a simple and effective solution is proposed.
2
Discussion 
2.1
 Issue Statement
In [2], it is specified that a UE has to monitor 4 aggregation levels, namely, 1, 2, 4, and 8, for UE-specific search space and 2 aggregation levels, namely, 4 and 8, for common search space. Note that the following statements hold:

· UE-specific search space and common search space might overlap;
· The search spaces for different aggregation levels might overlap.

PDCCH transmission employs circular buffer based rate matching for rate 1/3 Tail-biting Convolutional code. Due to repetition of coded bits and search space overlapping between different aggregation levels, multiple aggregation levels may pass the CRC checking.  The necessary condition to have confusing levels is [1]:

m = N* k/24



(1)
where N is the ambiguous payload size satisfying N ≤ 54 * (8- m), where m and k are both integers. For instance, when N=48, m=2k such that k may take a value of 1, 2, or 4. Any combination of {1,2,4,8} may create confusing (2 or more) aggregations levels. 
As such, there might be confusion in UL ACK/NAK resource location mapped from the 1st CCE of the corresponding PDCCH grants, when two or more PDCCH decoding candidates from different aggregation levels have different lowest CCE indices. The potentially wrong UL ACK/NAK resource location not only creates unnecessary UL interference, it also impacts downlink throughput, especially for high geometry UEs.
2.2
Implementation Considerations
It is argued that the above issue can be alleviated via more careful implementation. Here we discuss the difficulty from both UE perspective and eNB perspective.

From UE Perspective
To determine the actual aggregation level for PDCCH transmission, UE may choose one of the following approaches:
· Alt 1: Energy Detection
· UE uses modulated symbols to determine energy of all possible confusing combinations of CCEs. 
· Very unreliable, due to, e.g., interference from other cells

· Alt 2: Re-encode PDCCH
· UE uses decoded bits to re-encode PDCCH and determines SNR of all possible confusing combinations of CCEs

· More reliable, but very complicated

· Alt 3: Individual CRC Check 
· UE performs CRC check for each segment which contains an integer multiple of repetition of coded bits and an integer multiple of CCEs

· There is no guarantee that each segment has the same CRC check result. Thus, complicated decision logic has to be devised.
· More importantly, it inevitably increases the number of blind PDCCH decodes significantly, which violates RAN1 agreement. 
As can be seen, unless very complicated implementation is adopted, it is not easy to develop a solution to address the issue. 
If one wants to bypass the above complicated implementation, one can choose to simply select one of the aggregation levels. For instance, among all the aggregation levels with positive CRC checks, one may select the one with the highest aggregation level, or the one with the lowest aggregation level. Either one, as will be shown via simulations later, is subject to non-negligible false alarm (of choosing the incorrect aggregation level) probability.
From eNB Perspective
eNB has no knowledge of whether a UE chooses the correct aggregation level for PDCCH transmission for ambiguous PDCCH payload sizes. eNB may choose to detect UL ACK/NAK for a given UE on all possible aggregation levels. However, it not only creates additional implementation complexity, but, more importantly, it cannot guarantee correct detection as well due to the following. Firstly, eNB has to ensure no UL ACK/NAK collision is possible. This requires severe scheduling restriction, as different UEs should not have overlapped search space. This is very difficult, if not impossible, to satisfy in reality due to system load. Moreover, eNB cannot presume a certain ACK/NAK statistics for certain aggregation levels due to channel conditions, H-ARQ termination target, and imperfect power control. Finally, multiple hypotheses inevitably negatively impact UL ACK/NAK detection performance.
Therefore, it is not practical to address the issue from eNB implementation.

3
Simulations 

Here we present simulation results on the severity of the issue. Two sets of results are provided:

· Set 1: Probability of occurrence of confused UEs (to be defined later), averaged over all possible UEs and all subframes

· Set 2: For a specific UE, the probability of false alarm over all subframes

Key Assumptions for both sets:

· Normal CP only. 

· The number of PHICH groups is assumed to be ceil(NRB/8) (i.e., Ng = 1).

· For each UE ID, the UE-specific search space for each aggregation level was derived for each subframe k, as in [3].  
3.1
Set I: Probability of Occurrence of Confused UEs
A UE is said to be in confusion if in its UE-specific space, there are at least two aggregation levels are in confusion. For a given aggregation level Lk1, it is confused with another level Lk2, if two PDCCH decoding candidates, one from each aggregation level, have different lowest CCE indices but overlapped search spaces, and when the corresponding necessary condition in equation (1) holds. 

Obviously, a UE in confusion is when there is a possibility that a UE may successfully decode a UE-specific PDCCH transmission with two or more aggregation levels. The probability of the occurrence indicates how often a UE has to take extra care facing ambiguous PDCCH transmissions.

The number of control symbols can be 1, 2, or 3. The probability of occurrence of confused UEs is averaged over all subframes and random UE IDs (10000 random UE IDs chosen from 1-65535, and one cell ID).
Four cases, corresponding to four typical system bandwidths, are presented.

Case 1: 20MHz

There is one ambiguous payload size: N = 48, with DCI format 1B, FDD, and 4 tx antennas. The number of available CCEs for PDCCH is {17, 39, 73} for {1, 2, 3} control symbols, respectively. The possible pairs of confusing aggregation levels include {1, 4}, {1, 8}, {2, 4}, {2, 8}, and {4, 8}.
· Pair {1, 4}: confusion occurs when a PDCCH decoding candidate from aggregation level 1 has the lowest CCE index Ck(1) = Ck(4)+2, where Ck(4) is another PDCCH decoding candidate from aggregation level 4.
· Pair {1, 8}: confusion occurs if Ck(1) = Ck(8)+2, or if Ck(1) = Ck(8)+4, or if Ck(1) = Ck(8)+6.
· Pair {2, 4}: confusion occurs if Ck(2) = Ck(4)+2.
· Pair {2, 8}: confusion occurs if Ck(2) = Ck(8)+2, or if Ck(2) = Ck(8)+4, or if Ck(2) = Ck(8)+6.
· Pair {4, 8}: confusion occurs if Ck(4) = Ck(8)+4
Table 1 summarizes the result. As can be seen, with one control symbol, all UEs are always potentially confused by the actual aggregation level for PDCCH transmission. Even with 3 control symbols, a UE on average has to deal with confusing aggregation levels more than 70% of time. 
Table 1 Probability of Occurrence of Confused UEs, 20MHz, Format 1B
	# of Control Symbols
	Probability of Occurrence

	1
	1.00

	2
	0.98

	3
	0.73


Case 2: 15MHz

Similarly, there is one ambiguous payload size: N = 48, with DCI format 1B, TDD, and 2 tx antennas. The results are summarized in Table 2, and similar to those for the 20MHz case. 
Table 2 Probability of Occurrence of Confused UEs, 15MHz, Format 1B

	# of Control Symbols
	Probability of Occurrence

	1
	1.00

	2
	0.98

	3
	0.83


Case 3: 10MHz

There is one ambiguous payload size: N = 42, with DCI format 1A, and FDD. Assuming 2 Tx antennas, the number of available CCEs for PDCCH is {8, 25, 41} for {1, 2, 3} control symbols, respectively. There is one possible pair of confusing aggregation levels {1, 8}, where confusion occurs if Ck(1) = Ck(8)+7.
Table 3 summarizes the result. As can be seen, a UE on average has to deal with confusing aggregation levels roughly 29% to 75% of time, depending on the number of configured control symbols. 

Table 3 Probability of Occurrence of Confused UEs, 10MHz, Format 1A

	# of Control Symbols
	Probability of Occurrence

	1
	0.75

	2
	0.48

	3
	0.29


Case 4: 5MHz

There are two ambiguous payload size: N = 42, with DCI format 1B, FDD and 2 Tx antennas, and N=40, with DCI format 1A and FDD. Assuming 2 Tx antennas, the number of available CCEs for PDCCH is {3, 12, 20} for {1, 2, 3} control symbols, respectively. There is one possible pair of confusing aggregation levels {1, 8} for either N=42, or N = 40. Confusion occurs if Ck(1) = Ck(8)+7 for N=42, and if Ck(1) = Ck(8)+5 for N=40. Thus, the probability of occurrence for each DCI format should be the same.
Table 4 summarizes the result. As can be seen, a UE on average has to deal with confusing aggregation levels roughly 60% to 83% of time, depending on the number of configured control symbols. 

Table 4 Probability of Occurrence of Confused UEs, 5MHz, Format 1A or 1B

	# of Control Symbols
	Probability of Occurrence 

	2
	0.83

	3
	0.60


3.2
Set II: Probability of False Alarm for a Specific UE

Here we focus on the probability of false alarm for a specific UE. False alarm is defined as when aggregation level Lk1 PDCCH is transmitted, the UE is able to successfully decode level Lk2 as well. The false alarm probability is derived over many subframes for the specific UE. 

The number of control symbols is 3. Case 2 for 15MHz in Section 3.1is simulated, where the PDCCH payload size is 48. Extended TU channel with vehicle speed of 3kmph is considered and UE ID is 1 in the simulation. Only one 48-bit PDCCH is transmitted using 1, 2, 4, or 8 CCEs, and it is assumed to be allocated starting from the first CCEs of the corresponding search space. The false alarm probability is evaluated for every possible pair: Pair {1,4}, {1,8}, {2,4}, {2,8}, {4,1}, {4,2}, {4,8}, {8,1}, {8,2}, and {8,4}
We first take a look at the case when Lk1  (actual level) < Lk2 (confused level), denoted as “Lk1 ( Lk2”, i.e., if two levels are in confusion, the UE chooses the higher aggregation level. This is shown in Figure 1. As can be seen, as SNR grows, the FAP increases and levels off. For this specific UE, while the FAPs for “2(4”, “1(4”, and “1(8” are negligible, the FAP for “2(8” can be as high as 0.280, while the FAP for “4(8” is around 0.1. 

This implies that if the UE simply chooses the higher aggregation level in case of confusion, 28% of time it will make a false detection of “2(8” and 10% of “4(8”. In other words, simply choosing the higher aggregation level in case of confusion is not reliable at all.
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Figure 1 PDCCH false alarm probability - choosing the higher level, ETU3, SFBC

We now take a look at the case when Lk1  (actual level) > Lk2 (confused level), i.e., if two levels are in confusion, the UE chooses the lower aggregation level. This is shown in Figure 2. In this case, “CCE 8(2”, “4(2”, and “4(1” have significant FAP. This indicates that simply choosing the lower aggregation level in case of confusion is not reliable as well.
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Figure 2 PDCCH false alarm probability - choosing the higher level, ETU3, SFBC

4
Proposed Solution 

From the above discussions, it is clear that a UE is very likely to face confused aggregation levels, and unless complicated implementation is adopted, non-negligible false alarm is inevitable. Therefore, it is necessary to make some change in the current specification. The change has to be simple and effective in order to solve the issue with minimal standard impact.
In [3], it is proposed that when format 1 and format 0/1A have the same size, one bit of zero is padded to format 1. This was agreed in RAN1#53b. Similarly, one simple solution here is to zero-padding one bit only for ambiguous PDCCH payload sizes. Based on equation (1) and as listed in [1], we have the following ambiguous PDCCH payload sizes:
{28, 30, 32, 36, 40, 42, 48, 60, 72}.

Or, equivalently, the following numbers of information bits (i.e., excluding 16-bit CRC):

{12, 14, 16 ,20, 24, 26, 32, 44, 56}.

Whenever one of the above sizes holds for format 1, 1A, 1B, 2 and 2A, a zero-bit is padded to the given format. This solution is simple and only affects the DCI formats when they have the above specific payload sizes.
5
Conclusion 

In this contribution, we provide further details on the issue of ambiguous PDCCH payload sizes. From analysis and simulations, a UE is very likely to face confused aggregation levels and unless complicated implementation is adopted, non-negligible false alarm is inevitable. One simple and effective solution is also proposed, which is to pad one zero bit to DL DCI formats 1/1A/1B/2/2A only when these formats have one of the ambiguous payload sizes {28, 30, 32, 36, 40, 42, 48, 60, 72}.
It is worth noting that while Section 3.1 exemplifies ambiguous payload sizes for several system bandwidths, it is far from a complete list. Indeed, ambiguous payload sizes also exist for many other system bandwidths, if bandwidth-agnostic specification is desired. 
The corresponding CR is also provided in the Appendix.
References
[1] R1-082544, “Confusing multiple PDCCH aggregation levels”, Qualcomm Europe

[2] 3GPP TS 36.213, “E-UTRA: Physical layer procedures (release 8)”.

[3] R1-082709, “Padding one bit to DCI format 1 when fomat 1 and fomat 0/1A have the same size”, NEC Group, LGE, Ericsson, Nokia, Nokia Siemens Networks, Alcatel-Lucent, Nortel, Texas Instruments, Motorola, Samsung, Broadcom, Philips, Huawei
Appendix: CR (36.212)
5.3.3.1
DCI formats

The ordering of the information bits in the payload description below starts with 
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The information fields are multiplexed according to the order they are listed in each DCI format. The first bit of each information field corresponds to MSB.

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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- NUL_hop bits are used to obtain the value of 
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- 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.

5.3.3.1.2
Format 1

DCI format 1 is used for the scheduling of one PDSCH codeword. 

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

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- 1 bit indicates a shift of the resource allocation span
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- Modulation and coding scheme – 5 bits

- 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 1 belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 1.

Table 5.3.3.1.2-1: Ambiguous Sizes of Information Bits
	{12, 14, 16 ,20, 24, 26, 32, 44, 56}


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 distributed VRB: 

- For 
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- 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.
If the number of information bits in format 1A belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 1A.

5.3.3.1.4
Format 1C

DCI format 1C is used for very compact assignments of DL-SCH assignments. The DL-SCH transmission shall always use QPSK modulation when format 1C is used.

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

- Resource block assignment [5 bits]

- Modulation and coding scheme – 3 bits

- Redundancy version – 2 bits

5.3.3.1.5
Format 2

DCI format 2 is used for scheduling PDSCH to UEs configured in spatial multiplexing mode. 

The following information is transmitted by means of the DCI format 2:

In general: 

- Resource allocation header (resource allocation type 0 / type 1) – 1 bit

- Resource block assignment:

- For resource allocation type 0 [3], 

- 
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- For resource allocation type 1 [3], 
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- 1 bit indicates a shift of the resource allocation span
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where the value of P depends on the number of DL resource blocks as indicated in subclause [7.1.1] of [3]

- TPC command for PUCCH – 2 bits

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

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

- HARQ swap flag – 1 bit

For codeword 1: 

- Modulation and coding scheme – 5 bits

- New data indicator – 1 bit

- Redundancy version – 2 bits

For codeword 2:

- Modulation and coding scheme – 5 bits
- New data indicator – 1 bit

- Redundancy version – 2 bits

Precoding information – number of bits as specified in Table 5.3.3.1.5-1

A codeword field is also used for determining whether the corresponding codeword is enabled or disabled. The interpretation of the precoding information field depends on the number of enabled codewords according to Table 5.3.3.1.5-2, Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4.  Note that PMI indicates which codebook index is used in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [2]. The combination of a single enabled codeword and RI=2 in Table 5.3.3.1.5-3 and Table 5.3.3.1.5-4 is only supported for retransmission of the corresponding HARQ process.

For the open-loop spatial multiplexing transmission mode with 2 antenna ports, the precoding information field is not present. The number of transmission layers, RI, is equal to 2 if both codewords are enabled; and is equal to 1 if codeword 1 is enabled while codeword 2 is disabled.
If the number of information bits in format 2 belongs to one of the sizes in Table 5.3.3.1.2-1, one zero bit shall be appended to format 2.
Table 5.3.3.1.5-1: Number of bits for precoding information

	Number of antenna ports at eNode-B
	Transmission mode

	
	Closed-loop spatial multiplexing
	Open-loop spatial multiplexing

	2
	3
	0

	4
	6
	2


Table 5.3.3.1.5-2: Content of precoding information field for 2 antenna ports and closed-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: PMI corresponding to precoder matrix 
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	1
	RI=1: PMI corresponding to precoding vector 
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	1
	RI=2: PMI corresponding to precoder matrix 
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	2
	RI=1: PMI corresponding to precoder vector 
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	2
	RI=2: Precoding according to the latest PMI report on PUSCH



	3
	RI=1: PMI corresponding to precoder vector 
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	3
	reserved

	4
	RI=1: PMI corresponding to precoder vector 
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	4
	reserved

	5
	RI=1: 

Precoding according to the latest PMI report on PUSCH,

if RI=2 reported, use 1st column of all precoders implied by reported PMI(s) and reported RI
	5
	reserved

	6
	RI=1:

Precoding according to the latest PMI report on PUSCH,

if RI=2 reported, use 2nd column of all precoders implied by reported PMI(s) and reported RI
	6
	reserved

	7
	reserved
	7
	reserved


Table 5.3.3.1.5-3: Content of precoding information field for 4 antenna ports and closed-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: PMI=0

	1
	RI=1: PMI=0
	1
	RI=2: PMI=1

	2
	RI=1: PMI=1
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	15
	RI=2: PMI=15

	16
	RI=1: PMI=15
	16
	RI=2: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	17
	RI=1: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)
	17
	RI=3: PMI=0

	18
	RI=2: PMI=0
	18
	RI=3: PMI=0

	19
	RI=2: PMI=1
	19
	RI=3: PMI=1
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	33
	RI=2: PMI=15
	32
	RI=3: PMI=15

	34
	RI=2: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)
	33
	RI=3: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	35 – 63
	reserved
	34
	RI=4: PMI=0

	
	
	35
	RI=4: PMI=1
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	49
	RI=4: PMI=15

	
	
	50
	RI=4: Precoding according to the latest PMI report on PUSCH using the precoder(s) indicated by the reported PMI(s)

	
	
	51 – 63
	Reserved


Table 5.3.3.1.5-4: Content of precoding information field for 4 antenna ports and open-loop spatial multiplexing transmission mode

	One codeword: 

Codeword 1 enabled, 

Codeword 2 disabled
	Two codewords: 

Codeword 1 enabled, 

Codeword 2 enabled

	Bit field mapped to index
	Message
	Bit field mapped to index
	Message

	0
	RI=1: transmit diversity
	0
	RI=2: precoder cycling with large delay CDD

	1
	RI=2: precoder cycling with large delay CDD
	1
	RI=3: precoder cycling with large delay CDD

	2
	reserved
	2
	RI=4: precoder cycling with large delay CDD

	3
	reserved
	3
	reserved


5.3.3.1.6
Format 3

DCI format 3 is used for the transmission of TPC commands for PUCCH and PUSCH with 2-bit power adjustments. 

The following information is transmitted by means of the DCI format 3:

- TPC command number 1, TPC command number 2,…, TPC command number N
where 
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format 
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, and where 
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 is equal to the payload size of format 0 before CRC attachment.
5.3.3.1.7
Format 3A

DCI format 3A is used for the transmission of TPC commands for PUCCH and PUSCH with single bit power adjustments. 

The following information is transmitted by means of the DCI format 3A:

- TPC command number 1, TPC command number 2,…, TPC command number M
where 
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, and where 
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 is equal to the payload size of format 0 before CRC attachment.



















































PAGE  
4/15

_1270590315.unknown

_1272800545.unknown

_1272802668.unknown

_1272805099.unknown

_1272805166.unknown

_1272802739.unknown

_1272800737.unknown

_1272800755.unknown

_1272800688.unknown

_1271797082.unknown

_1271797140.unknown

_1271797090.unknown

_1270590552.unknown

_1269682163.unknown

_1269860889.unknown

_1269860912.unknown

_1269682193.unknown

_1269838914.unknown

_1268818733.unknown

_1268818971.unknown

_1268819079.unknown

_1268818947.unknown

_1265480022.unknown

_1265514321.unknown

_1265514483.unknown

_1265513318.unknown

_1257081399.unknown

