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1
Summary
In this contribution, we show link-level simulation results for some of the previously proposed Carrier Indication mechanisms in support of LTE-A bandwidth extension.

We compare link-level performance for DCI Format 1A and 2 using explicit carrier indication by means of extending the legacy R8 format with 3 additional carrier indication bits in the payload against implicit carrier indication by means of using the legacy R8 format in conjunction with either multiple RNTI’s per UE (or multiple bit masks with one RNTI per UE).
2
Introduction
LTE-A bandwidth extension will allow for carrier aggregation by the use of more than one component carrier in the DL and UL directions. Carrier aggregation supports both contiguous and non-contiguous scenarios, and also allows for multiple component carriers to be located in different E-UTRA bands. 

One straightforward approach to introduce a carrier indication mechanism for LTE-A is to extend some of the existing R8 legacy DCI Formats with up to 3 additional bits in the payload [5].
In this contribution we refer to this approach as explicit carrier indication mechanism.

Other approaches to introduce a carrier indication mechanism for LTE-A that have been suggested would not require introduction of an additional carrier indicator bit field into DCI’s. For example, it has been proposed to assign multiple RNTI’s to a UE each corresponding to a different component carrier [4]. Another suggested approach is the use of multiple CRC masking sequences used in conjunction with a single RNTI similar to the R8 Tx antenna selection mechanism ([3][4]).

In this contribution we refer to these approaches as implicit carrier indication mechanisms.

Explicit Carrier Indication

The existing R8 legacy DCI Formats are 0/1/1A/1B/1C/1D/2/2A/3/3A. Some of these existing DCI formats are modified to include a carrier indicator field (up to 3 bits) in addition to their R8 legacy payload. For example, the new carrier indicator field indexes the component carriers currently assigned to the UE for the PUSCH grant or PDSCH assignment corresponding to this DCI. When the carrier indicator field is 3 bits long, then a single PDCCH can theoretically point to up to 8 carriers (although that case is not really seen relevant in practice).

Implicit Carrier Indication

For example, in the multiple RNTI approach, the R8 legacy DCI Format is used. The UE is assigned multiple RNTI’s masking the computed CRC on the DCI. Each of these RNTI’s assigned to a UE indexes a different component carrier valid for this UE with respect to the PUSCH grant or PDSCH assignment corresponding to the DCI. The UE will decode the PDCCH assuming multiple valid RNTI’s for each DCI candidate (unlike R8, where the UE will decode the DCI against precisely one RNTI, e.g. C-RNTI, SPS-RNTI, SI-RNTI, TPC-RNTI,...).
As another example, in the multiple masking sequences approach, the R8 legacy DCI Format is used, and while the UE is still assigned only a single RNTI for a particular DCI Format, the CRC is masked with 1 out of up to 8 distinct 16 bit long bit masks. Each of these bit masks when employed by the eNB indexes a different component carrier. The UE will decode the PDCCH and admissible DCI candidates against all possible combinations of an RNTI and all carrier indication bit masks. This is similar to the R8 Tx antenna indication mechanism using 2 distinct bit masks in conjunction with the RNTI and the CRC for DCI Format 0.

When changing the R8 legacy DCI payload size such as done in the explicit carrier indication approach, link-level performance compared to the R8 baseline is potentially degraded as a function of the baseline payload size and the PDCCH aggregation level that the DCI is mapped to, i.e. due to the resulting (increased) channel coding rate.

When carrier indication is done by using the multiple RNTI or multiple masking sequences such as done in the implicit carrier indication approaches, link-level performance is nominally the same as the R8 baseline, but incurred the cost of an increased PDCCH false detection rate by both the UE under consideration and other UE’s decoding against that PDCCH.

The purpose of this contribution is to evaluate the achievable trade-off in link-level performance, or, the achievable potential link-level gain comparing explicit and implicit carrier indication approaches.
For this comparison, Format 1A and Format 2 have been chosen. Format 1A has been selected because it is used in all transmission modes. Furthermore, DCI Format 1A has the same payload size as DCI format 0 and DCI Formats 3/3A, and DCI Format 1A results are representative for all these cases (if introduction of carrier indication for these proves necessary). Format 2 at much higher payload than the compact DCI Formats 0/1A has been selected as an example to illustrate the multiple antenna case, and mapping to higher CCE aggregation levels in the PDCCH.

Simulation assumptions and summary results are presented and discussed in Section 3 and 4 respectively. Conclusions are provided in Section 5.

3
Simulation Assumptions
Link-level simulation parameters are listed below in Table 1. DCI payload sizes for Format 1A and Format 2 are given in Table 2 and 3. 

Table 1: Simulation Parameters
	Parameter
	Value

	Mode
	FDD

	Carrier bandwidth
	20 MHz

	Carrier frequency
	2.0 GHz

	FFT size
	2048

	Channel model
	3GPP ETU 3 and 33 km/h

	Channel estimator
	Ideal

	DCI code type
	Tail-biting convolutional code according to LTE-Rel´8 [1]

	R8 DCI payload sizes (bits) incl. CRC
	44 (DCI Format 1A)
67 (DCI Format 2)

	Carrier Indicator (bits)
	3

	PDCCH size (symbols)
	3

	# of TX antennas at Node B
	2

	# of RX antennas at UE
	2

	Aggregation level
	1, 2, 4 or 8


Table 2: DCI Format 1A
	Control field
	Number of bits

	Flag for Format 0 / Format1A differentiation
	1

	Localized / Distributed VRB assignment flag
	1

	Resource block assignment

[image: image1.wmf]é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N


	13 (100 RBs)

	Modulation and coding scheme
	5

	HARQ process number
	3

	New data indicator
	1

	Redundancy version
	2

	TPC command for PUCCH
	2

	Carrier Indicator
	3

	Total number of bits (excluding CRC)
	28+3


Table 3: DCI Format 2
	Control field
	Number of bits

	Resource allocation header (resource allocation type 0 / type 1)
	1

	Resource block assignment 
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	TPC command for PUCCH
	2

	HARQ process number
	3

	Transport block to codeword swap flag
	1

	Modulation and coding scheme (TB1)
	5

	New data indicator (TB1)
	1

	Redundancy version (TB1)
	2

	Modulation and coding scheme (TB2)
	5

	New data indicator (TB2)
	1

	Redundancy version (TB2)
	2

	Precoding information
	3 (for 2 Tx)

	Carrier Indicator
	3

	Total number of bits
	51+3


4
Simulation Results
Simulation results for DCI Format 1A at aggregation level 1 and DCI Format 2 at aggregation level 4 are presented in Figure 1 and 2 respectively.
We observe that link-level performance of the implicit carrier indication method for these 2 selected particular cases (using either CRC masks or multiple RNTI’s) very slightly outperforms the explicit carrier indication method (using 3 extra bits in the payload).

Performance of DCI Format 1A using explicit carrier indication bits is only marginally better at the 10% BLER operating point and up to 0.5 dB better at the 1% BLER point for the 3 km/h case and when mapped to aggregation level 1.
Performance of DCI Format 2 using explicit carrier indication bits is only marginally better at the 10% BLER operating point and up to 0.2 dB better at the 1% BLER point for the 3 km/h case and when mapped to aggregation level 4.
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Figure 1: DCI Format 1A (payload size 47 incl. carrier indicator and CRC) for ETU 3 km/h, Aggregation Level 1
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Figure 2: DCI Format 2 (payload size 70 incl. carrier indicator and CRC) for ETU 3 km/h, Aggregation Level 4
Appendix A contains more simulation results for DCI Formats 1A and DCI Format 2 for the other admissible aggregation levels (1, 2, 4 and 8) and for both simulated channel environments (ETU, 3 or 33 km/h).

A summary for all simulated cases considered is shown in Table 4. The numbers show the link level penalty incurred when using additional explicit carrier indicator bits in the payload compared to implicit approaches not increasing the legacy R8 payload size of the DCI’s.
Table 4: Link Performance @ 1% BLER, Delta Implicit CI vs. Explicit CI
	# CCEs
	1A @ 3km/h
	1A @ 33km/h
	2 @ 3km/h
	2 @ 33km/h

	1
	~0.5 dB
	~0.5 dB
	~ 2.6 dB
	~2.6 dB

	2
	~0.2 dB
	~0.3 dB
	~0.3 dB
	~0.3 dB

	4
	~0.2 dB
	~0.3 dB
	~0.2 dB
	~0.2 dB

	8
	~0.2 dB
	~0.3 dB
	~0.2 dB
	~0.2 dB


We observe a marginal improvement in the range of 0.2-0.5dB for the cases of DCI Format 1A and DCI Format 2 in the 1-10% BLER operating range for almost all cases.

The case of DCI Format 2 when mapped to aggregation level 1 is particular, but not necessarily deemed representative.

R8 payload for 100 RB’s (20 MHz) corresponds to 67 bits including the CRC. This yields an effective coding rate of 0.94 when mapped into 1 CCE (72 channel coded bits) resulting in very unfavourable performance even in the R8 baseline case. This is further aggravated by adding 3 more carrier indicator bits decreasing the effective channel coding rate down to 0.97 when mapped to only 1 CCE. It can be seen that the link performance is even worse than R8 baseline by 1.7 dB at the 10% BLER point and up to 2.5 dB at the 1% BLER point.

Similar to all other cases, the performance penalty incurred due to using explicit bits in the DCI payload is in the 0.2-0.5 dB range once a sufficiently high aggregation level is used which corresponds to more realistic system settings and coding rates better than 0.65 (Format 1A at least 1 CCE, and  Format 2 at least 2 CCE’s).

5
Conclusions
In this contribution we have simulated link performance for two methods for carrier indication. One approach uses extra bits (e.g., 3 bits) for carrier indication effectively increasing the R8 legacy DCI payload size, and the other approach uses some form of implicit indication through the CRC, i.e. either through multiple RNTI’s or the use of multiple masking sequences for carrier indication.
We compare the BLER performance of these two methods, the results showing a marginal improvement in the range of 0.2-0.5dB for almost all cases simulated with DCI Format 1A and DCI Format 2 in the 1-10% BLER operating range as a function of the aggregation level that these DCI’s are mapped to.
Based on these results, and only a marginal difference in performance, we recommend to not use link-level performance alone as a criterion to decide on the carrier indication mechanism.

While we expect that the observed delta in link-level performance would increase for smaller carrier bandwidths than 20 MHz, e.g. 10 MHz or 5 MHz component carriers, we recommend to primarily use PDCCH blind detection complexity resulting from a higher number of DCI’s (due to the introduction of additional DCI Formats with the explicit carrier indication method) and the anticipated impact to R8 UE legacy design as criteria to decide how to implement the carrier indication mechanism for LTE-A carrier aggregation.
Additional considerations that should be taken into account for the design trade-off include PDCCH operation due to increased probability of false detections when using N RNTI’s or N bit masks per DCI decoding attempt with the implicit carrier indication approach
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Appendix A – Detailed Simulation Results
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Figure A1: BLER curves for DCI Format 1A (payload size 47 incl. carrier indicator and CRC) for ETU 3 km/h
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FigureA2: BLER curves for DCI Format 1A (payload size 47 incl. carrier indicator and CRC) for ETU 33 km/h
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Figure A3: BLER curves for DCI Format 2 (payload size 70 incl. carrier indicator and CRC) for ETU 3 km/h
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Figure A4: BLER curves for DCI Format 2 (payload size 70 incl. carrier indicator and CRC) for ETU 33 km/h
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