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1 Introduction
In a previous RAN1 meeting RAN1 defined the extension carrier for LTE-A as follows:
· Extension carrier: 

· If specified, a carrier that cannot be operated as a single carrier (stand-alone), but must be a part of a component carrier set where at least one of the carriers in the set is a stand-alone-capable carrier.

Since the extension carrier does not provide a camping of UE, PBCH and SCH are not necessary. It is also not required to transmit SIB on the extension carrier because it is possible to obtain the information related to the extension carrier from a stand-alone capable carrier via dedicated signaling. Transmission of L1/L2 control channels (i.e. PDCCH, PCFICH and PHICH) and CRS (Common Reference Signal) may be controversial. In this contribution, we discuss the necessity of L1/L2 control channels and CRS on extension carrier.  
2 Necessity of L1/L2 control channels on extension carrier

We see mainly three operation scenarios for extension carrier. Below we discuss the necessity of PDCCH for each operation scenario. 

· Operation scenario 1: heterogeneous network

Interference coordination in CC level is important in a heterogeneous network as discussed in [1-3]. For a heterogeneous network with e.g. macro eNB and femto eNB, it is useful to configure extension carrier to component carrier which suffer strong interference from macro eNB. In this case PDCCHs are transmitted from a component carrier on which the interference is small due to the power reduction at macro eNB. Since typically only a small number of UEs is connected to a femto eNB and possibly only one ore two UEs will need to be scheduled at a given subframe, less PDCCHs may be required. Therefore, the control region (typically 1 OFDM symbol) only on the backwards compatible CC is sufficient. Similarly, it may also be useful to configure an extension carrier for CC2 in macro cell because transmitting PDCCHs from CC1 is more efficient and reliable. Since LTE-A would be typically deployed with component carriers with a large bandwidth (e.g. >10MHz), it is expected that there are sufficient CCE resources in CC1 for PDCCHs indicating data allocations on CC2 (e.g. by utilizing the maximum control region size of 3 OFDM symbols). If more PDCCH resources are required, the eNB could configure a backward compatible carrier as CC2. 
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(a) example of cell deployment                                          (b) extension carrier operation 

Figure 1 example of extension carrier operation for heterogeneous deployment 

· Operation scenario 2: a small cell like hotspot

Since only a small number of UEs need to be scheduled simultaneously in such cells, only a small number of PDCCHs is required. Therefore, one OFDM symbol in one component carrier (e.g. “anchor” component carrier) is sufficient even for the case where multiple component carriers are deployed. Therefore, it is useful to configure extension carriers in such cells. Obviously, PDCCH is not necessary on the extension carrier for this operation scenario. 
· Operation scenario 3: Supporting narrow bandwidth component carrier in the system bandwidth (e.g. as in discussed in RAN4)
In this operation scenario, the extension carrier (i.e. narrow bandwidth component carrier) is configured accompanied with a wider bandwidth carrier. It is beneficial to transmit PDCCH for the narrow bandwidth component carrier (i.e. 1.4MHz) from a wider component carrier because the PDCCH coverage on the extension carrier is limited due to limited frequency diversity. Since it is not required to assign a large number of UEs on the narrow bandwidth carriers, PDCCHs to assign the narrow bandwidth carrier can be accommodated in a wideband carrier. Therefore, PDCCH on extension carrier is not necessary also in this operation scenario. 
From discussion above, we don’t see the need of PDCCH on the extension carrier. 
Since the PDCCH is not transmitted on the extension carrier, also the PCFICH is not necessary. It would further be beneficial to also avoid transmitting a PHICH on the extension carrier in case of heterogeneous network where the control region on femto/relay cell could suffer strong interference from macro cell or in case of the narrow bandwidth scenario due to the coverage problem. The PHICH should be transmitted from the same CC as used for PDCCH transmission as agreed in RAN1#58b. 
By removing L1/L2 control channels on extension carrier, all OFDM symbols in a subframe is available for the data transmission. For above-mentioned scenarios, PDCCHs which assign a data on extension carrier can be transmitted on other carriers without increasing the control channel region in most cases. Since additional one OFDM symbol on extension carrier is available for data, data throughput can be improved. 
3 Necessity of CRS on extension carrier

Since PBCH, SCH, PCFICH, PHICH and PDCCH are not needed on the extension carrier, CRS are not needed for the demodulation of these channels. Since DRS based PDSCH transmission shows better performance, CRS would not be needed on the extension carrier. Moreover, removing CRS leads a significant overhead reduction. For the measurement purpose, CSI-RS can be used depending on the CSI-RS design currently discussed. 
As discussed in section 2 and section 3, L1/L2 control channels (control channel region) and CRS are not necessary on the extension carrier. In this case, data throughput can be improved by 10% in case of two component carriers (with PDCCH, e.g. backward compatible carrier, and without PDCCH, i.e. extension carrier) with 50RBs bandwidth supporting rank 4 transmission, as calculated in Annex.  
4 Conclusion 

We discussed the necessity of L1/L2 control channels (i.e. PDCCH, PCFICH and PHICH) and CRS on the extension carrier. Taking into account for the operation scenarios currently assumed, we don’t see the need of L1/L2 control channels and CRS on the extension carrier. 

We propose that extension carriers do not provide:  
· synchronization signals 
· system information
· paging for UEs 
· Rel-8 PDCCH
· Rel-8 PHICH
· Rel-8 PCFICH
· FFS: Rel-8 CRS, depending on ongoing RAN1 discussion on CSI-RS
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Annex 

Overhead comparison between component carrier with PDCCH (e.g. backward compatible carrier) and without PDCCH (e.g. extension carrier) is provided below. 
Component carrier with PDCCH

Assumption: 1OFDM symbol for control region, 2 CRS, 4 DRS (for rank4 TX), 4 CSI-RS
N_RE_total = 50 RBs * 12 subcarriers * 14 symbols * 10 subframes = 84000
Npdcch = 50 RBs *8 REs *10 subframes  (1 OFDM symbol control region)
Ncrs = 50 RBs *16 REs *10 subframes (2tx)
Ndrs = 50 RBs *24 REs *10 subframes (24 REs per RB is assumed)
Ncsi-rs = 50 RBs *8 REs *1 subframes (8 REs per RB is assumed)
Nsch = Npbch = 288 REs
N_RE_nondata = Npdcch + Ncrs + Ndrs + Ncsi-rs +Nsch + Npbch = 24976

Overhead = 24976 / 84000 = 0.297 (29.7%)
Component carrier without PDCCH

Assumption: without control region, without CRS, 4 DRS (for rank4 TX), 4 CSI-RS
N_RE_total = 50 RBs * 12 subcarriers * 14 symbols * 10 subframes = 84000
Npdcch = 0
Ncrs = 0
Ndrs = 50 RBs *24 REs *10 subframes (max 24 REs per RB is current assumption for rank4)
Ncsi-rs = 50 RBs *8 REs *1 subframes (8 REs per RB is assumed)
Nsch = Npbch = 0
N_RE_nondata = Npdcch + Ncrs + Ndrs + Ncsi-rs + Nsch + Npbch = 12400
Overhead = 12400/84000 = 0.148 (14.8%)

DL throughput gain for a system with two component carriers, i.e. one with PDCCH and one without PDCCH, is calculated as follows. 

[1- (0.297+0.148)/2] / [1-0.297] - 1 = 0.106 (10.6%)
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