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1 Introduction

Several technology components are currently under discussion for LTE-Advanced: carrier aggregation, CoMP, higher-order MIMO and relaying. Most of these features require some form of L1/L2 control signaling. The purpose of this paper is to, on a high level, start the discussion on identifying identify the downlink control signaling need and the associated overhead. Although the control signaling design still is in its infancy and have to wait until the design of the respective feature has matured, a rough understanding of the overhead incurred from the control signaling is useful for the upcoming evaluation phase.

2 Carrier aggregation

Introduction of carrier aggregation may affect PHICH, PCFICH and PDCCH.

PHICH is received by the terminal for each of the transport blocks (at least one transport block per component carrier) transmitted in the uplink. Uplink carrier aggregation implies multiple transport blocks in the uplink and, consequently, multiple acknowledgements in the downlink. This can be handled by the terminal receiving multiple PHICHs (multiple PHICHs are already used in TDD) and hence no changes to the PHICH functionality or structure are foreseen (as long as the amount of PHICH resources available in Rel-8 is sufficient). The average PHICH overhead across all component carriers scales with the number of component carriers in the uplink.

PCFICH is required on each downlink component carrier (at least if Rel-8 terminals are to be supported) to indicate the size of the control region. No need to modify this structure is foreseen and thus, the overhead per component carrier is identical to Rel-8. 

PDCCH need to convey information about the scheduled component carriers. The set of information required for reception of each of the scheduled component carriers is expected to be identical (or very similar) to Rel-8.

Two ways of encoding the DCI (scheduling information) are currently under discussion: 

· Separate encoding - multiple DCIs, one per scheduled component carrier scheduled

· The overhead scales with the number of scheduled component carriers the terminal is expected to receive.

· Joint encoding - single DCI valid for multiple component carriers

· The overhead is fixed, regardless of the number of component carriers scheduled to a terminal in a particular subframe. If only a single DCI format supporting carrier aggregation is introduced, this format need to be designed to support scheduling of all component carriers in the cell which should be accounted for in the overhead calculation.

The two approaches have their pros and cons as discussed in the appendix. As a first approximation, the PDCCH overhead from carrier aggregation for a particular terminal in a given subframe can be expected to scale with the number of component carriers assigned to the terminal in the subframe.

Conclusion: 
· Carrier aggregation does not impact the PHICH or PCFICH structures. 
· The DCI/PDCCH structure is identical to Rel-8 if separate encoding is used, while joint encoding implies the design of new DCI formats. 

· As a first approximation, the PDCCH overhead from carrier aggregation for a particular terminal in a given subframe can be expected to scale with the number of component carriers assigned to the terminal in the subframe. 
3 Downlink CoMP, higher-order MIMO, and beam-forming

The control signaling necessary for downlink CoMP and higher-order MIMO (including multi-layer beam-forming) does not imply any fundamental changes to the control signaling structure compared to Rel-8 although additional DCI formats are required. The contents of these formats depend on the framework selected for CoMP/MIMO in particular whether the demodulation reference signals are pre-coded or not. 
If non-precoded reference signals are used, signaling of the selected precoding matrix, including the number of layers, needs to be included in the new DCI formats. The number of bits required depends on the codebook design. Note that, in case of CoMP, signaling of the precoding matrix used in all the participating sites is required, which requires special attention in order to limit the overhead to a reasonable value.
If precoded UE-specific reference signals are used, only the number of layers needs to be signaled as the codebook design in this case is left for implementation.

In Rel-8, the number of transport blocks in a TTI is at most two even if a larger number of layers is used. Not exceeding two transport blocks seems reasonable also for LTE-Advanced. If reasons to drop this assumption in LTE-Advanced are found, additional fields are required for transport-block size, hybrid-ARQ process number, redundancy version and new-data indicator for each of the additional transport blocks.
Conclusion: CoMP, higher-order MIMO and multi-stream beam-forming mainly affects the L1/L2 control signaling in terms of additional (larger) DCI formats.

4 Relaying

4.1 Relay – UE

Amplify-and-forward relays (i.e. repeaters) are transparent to the UE and does in its basic form not require any new control signaling, nor incur any additional overhead on the relay-UE link.

Decode-and-forward relays are not expected to require any new downlink L1/L2 control signaling between the UE and the relay, although this depends on the relaying solution adopted (some schemes may require additional DCI formats). Note that if the relay is to serve Rel-8 UEs, no new signaling is possible.

If MBSFN subframes are used to separate the backhaul and access links, UEs cannot be served by relays in all subframes. This should be accounted for in the evaluation. Changing the MBSFN subframe assignments is done through the system information and is therefore updated infrequently.

Conclusion: The impact on control signaling from the relay-UE link is, at most, limited to new DCI formats.

4.2 eNodeB – relay 

Amplify-and-forward relays in its basic form do not require any new design for the eNodeB-relay link.

Decode-and-forward relays require an eNodeB-relay link that can coexist with Rel-8 UEs in the donor cell. If MBSFN subframes are used to create gaps for the eNodeB-relay communication, the presence of the control region in the MBSFN subframes needs to be accounted for (the first 1-2 OFDM symbols are not available for eNodeB-relay communication in the downlink). Control signaling to the relay therefore needs to be transmitted later in the subframe, although the same structure, possible with new DCI formats, can be used.

Conclusion: Decode-and-forward relays will most likely impact the control signaling design for the eNodeB-relay link.

5 Conclusion

Downlink control signaling needed by the different features currently discussed for LTE-Advanced has been discussed. With the exception of the eNodeB-to-relay link, the impact on downlink control signaling for these features appears to be limited to at most introducing new/extending existing DCI formats. 
Appendix A – Control signaling for Carrier Aggregation

Below, some aspects on control signaling for carrier aggregation are discussed in more detail.

A.1 PCFICH

Two alternatives can be envisioned for the size of the control region on each component carrier:

· same control region size (same PCFICH value enforced) across all component carriers

· may improve PCFICH error probabilities

· scheduling restrictions imposed on (Rel-8) terminals

· may lead to inefficient resource utilization (excessively large control region on some component carriers)

· individual control region size (independent PCFICH) per component carrier (Figure 1)

· same PCFICH performance as in Rel-8 given unchanged power-spectral density (constant transmission power per component carrier)

Being an evolution of LTE Rel-8, LTE-Advanced should also support terminals capable of receiving a single component carrier only (Rel-8 UEs, some LTE-Advanced UE categories). Hence, the PCFICH needs to be transmitted such that it is sufficiently reliable using a single component carrier. 

Proposal: Control-region size set individually per component carrier. 
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Figure 1: Different control region sizes for different component carriers.

A.2 PDCCH

For LTE-Advanced terminals, transmission of a PDCCH can be

· confined to one component carrier

· same CCE/REG structure, mapping, processing etc as in Rel-8

· same performance as in Rel-8 (for a given payload size)

· spread across all component carriers

· the Rel-8 CCE/REG structure should be maintained to allow for coexistence with Rel-8

· requires the UE to monitor/receive multiple component carriers also when not scheduled, leading to increased UE power consumption

· may give additional diversity gain

To allow for low UE power consumption, it is important that the terminal is not required to constantly monitor multiple component carriers [R1-082468]. The UE should typically monitor a single component carrier only (“anchor carrier”) also in active mode. When multiple component carriers are needed, e.g. for a high data rate, an indication to start monitoring also other component carrier could be sent on the PDCCH one  subframe in advance. It is therefore preferably to adopt a structure where the PDCCH spans a single component carrier only. 

Proposal: A PDCCH spans a single component carrier only.

A.3 DCI

The Downlink Control Information is used for downlink scheduling assignments and uplink scheduling grants. In general, two main design alternatives can be envisioned for the DCI:

· Separate encoding

· multiple DCIs, one per scheduled component carrier scheduled

· Each DCI is transmitted on a PDCCH on the same component carrier as the corresponding PDSCH (in essence the Rel-8 structure duplicated for each component carrier)

· maintains the Rel-8 structure (same number of CCE aggregations etc supported) 

· DCI overhead scales with the number of scheduled component carriers

· Number of blind decodings scales with the number of component carriers in the cell

· Techniques for reducing the number of blind decodings can be envisioned

· Indication of component carrier for which the DCI relates

· Downlink assignments

· No explicit indication needed if DCI/PDCCH is transmitted on the same component carrier as PDSCH ( Rel-8 DCI formats can be reused

· Uplink assignments

· One-to-one relation between DL and UL component carriers may not exist (asymmetric systems) ( uplink component carrier need to be indicated (similar to indication of UL subframe in Rel-8 TDD)

· Joint encoding

· Single DCI valid for multiple component carriers

· may need the introduction of larger aggregation levels (depending on the DCI payload size)

· Fixed DCI overhead, regardless of the number of scheduled component carriers

· Rel-8 formats can be used when assigning a single component carrier – avoids large overhead for small allocations at the cost of an increased number of blind decodings

· Number of blind decoding  does not increase with the number of component carriers in the cell

· If Rel-8 formats are used in addition to new LTE-A formats, there will be some increase in blind decodings

· Indication of the set of component carriers for which the DCI relates is needed for both downlink assignments and uplink grants and can be part of the resource assignment.

In Table 1, the contents of DCI format 1 (downlink assignments, flexible RB allocation, no MIMO) is listed for Rel-8 as well as for a possible extension to a format capable of assigning resources across all component carriers. Similarly, in Table 2, the contents of DCI format 0 (uplink grants) is listed for Rel-8 as well as a possible extension to joint encoding.

In Figure 2, the number of bits required to schedule a single terminal as a function of the number of scheduled component carriers is illustrated. For separate encoding, the Rel-8 number in the middle column of Table 1 is multiplied with the number of component carriers scheduled, while the joint encoding approach uses the expressions in the rightmost column of Table 1 with 
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 (the granularity in RB assignment).  A larger granularity than Rel-8 (P=4) could be used to reduce the joint encoding overhead as long as the Rel-8 formats are still available for assignments on a single component carrier. 

For assignments on a single component carrier (or a small number of component carriers), separate encoding provides a lower overhead, while for large assignment joint encoding is more efficient. Clearly, the numbers depend on the detailed assumptions and various tricks can be applied, but the general trend still holds.

From an overhead perspective, the preferred alternative seems to be to use Rel-8 formats whenever the terminal is scheduled on a single component carrier. When multiple component carriers are scheduled, joint coding may have a lower overhead. As the new joint encoding formats need to be supported in addition to the Rel-8 formats, there will be some increase in the number of blind decodings. Aspects such as simplicity and overall structure, not addressed in the current paper, also need to be considered when selecting between joint and separate encoding.

Proposal: Rel-8 DCI formats used at least when scheduling a terminal on a single component carrier.

Table 1: DCI format 1

	Field
	Number of bits

	
	Rel-8
	Joint encoding

	Resource allocation header
	1
	1

	Resource allocation
	
[image: image4.wmf]é

ù

P

N

/

DL

RB


	
[image: image5.wmf]é

ù

P

N

N

/

DL

RB

DL

CC

 where 
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	MCS
	5
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	Hybrid-ARQ process number
	3 (FDD), 4 (TDD)
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 (FDD), possibly less if not full flexibility in HARQ process assignment is needed

	New-data indicator
	1
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	Redundancy version
	2
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	TPC (for PUCCH)
	2
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	RNTI
	16
	16


Table 2: DCI format 0.

	Field
	Number of bits

	
	Rel-8
	Joint encoding

	Format 0/1A differentiation
	1
	1

	Hopping flag
	1
	1 

	Resource allocation
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	MCS
	5
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	New-data indicator
	1
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	TPC (for PUSCH)
	2
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	Cyclic shift for DMRS
	3
	3 or 
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	UL index
	(2, TDD only)
	

	Downlink assignment index
	(2, TDD only)
	

	RNTI
	16
	16
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Figure 2: Total number of control bits used for scheduling a single terminal as a function of the number of scheduled component carriers. System bandwidth 5(100 RBs, FDD, 2 Tx antennas.
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