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1 Introduction
In the LS from RAN2 in RAN1#57bis, RAN1 is asked whether PDCCH exists on every component carrier ‎[1]. In this document, we discuss the component carrier operation without PDCCH. 
2 Merits of PDCCH-less operation
We identified the following two use cases for the component carrier with PDCCH-less operation as also elaborated in ‎[2]. 
· Use case 1: Heterogeneous network 

Component carrier level interference coordination for PDCCH is useful for a reliable PDCCH transmission in an operation scenario with heterogeneous network ‎[2]
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‎[3]. The transmit power in one component carrier in macro cell is decreased to reduce the intercell interference to femto/relay cell. In order to allow reliable and efficient PDCCH transmission, it is beneficial to transmit all PDCCHs on the component carrier with less intercell interference. In such operation, the CC where PDCCH is not transmitted is PDCCH-less. Figure 1 shows an example of PDCCH-less operation in a heterogeneous network. In the macro cell, a higher transmit power is used on DL CC1 while a lower transmit power is used on DL CC2. Since PDCCHs on DL CC1 in femto/relay cell suffers strong interference from macro cell, PDCCH-less operation is configured for DL CC1 in femto/relay cell, since a RB‑level interference coordination of the PDCCH is not possible. Although PDSCH resources may suffer a strong interference on DL CC1 in femto/relay cell, the PDSCH resources can be efficiently utilized by a RB-level interference coordination between macro and femto/relay depending on the traffic load of macro and femto/relay. 
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(a) example of cell deployment                                 (b) PDCCH-less operation for femto/relay cell 

Figure 1 example of PDCCH-less operation for heterogeneous deployment 

· Use case 2: Overhead reduction for an operation scenario with small number of UEs, e.g. hotspot/femto/home eNB
Because only a small number of UEs need to be scheduled simultaneously in such cells, only a small number of PDCCHs is required. Therefore, only one OFDM symbol in one component carrier (e.g. “anchor” component carrier) is sufficient even for the case that multiple component carriers are deployed. The PDSCH in a PDCCH-less component carrier is indicated by the PDCCH in the “anchor” component carrier, which improves the data throughput. 
Furthermore, the transmission of Common Reference Symbols (CRS) may not be required on the PDCCH-less component carrier because PBCH/SCH, PCFICH and PHICH are not needed on the PDCCH-less component carrier as elaborated in section 3 below. In addition, DRS based transmission shows better performance. Therefore, a further overhead reduction on the PDCCH-less component carrier is possible. For example, the overhead can be reduced by 15% compared to a component carrier with PDCCH (e.g. backward compatible carrier) in case of 50RBs system bandwidth supporting rank4 transmission. Therefore, for a system with two component carriers, i.e. one with PDCCH and one without PDCCH, the total overhead reduction is 7.5%, i.e. the DL throughput can be improved by ~10 %. The details of the overhead calculation are shown in the Annex.
We propose to support a component carrier with PDCCH-less operation
3 Possible configurations for PDCCH-less operation 
3.1 Dynamic, semi-static or static configuration

If it is desired to support dynamic PDCCH‑less operation, the fourth state of the PCFICH, which is reserved in Rel8, can be used to indicate zero OFDM symbol for the PDCCH region. However, taking into account above use cases for PDCCH-less operation, we do not see the necessity for dynamic PDCCH-less configuration. For use case 1, a static or semi‑static configuration is sufficient, because once setting up the femto/relay cells in a Macro coverage area, an interference coordination of the PDCCH between macro and femto/relay needs to be configured semi‑statically for a reliable PDCCH transmission. Also, for use case 2, a static or semi-static configuration is sufficient because the number of UEs in a cell is not assumed to change dramatically within a short time period. One problem for a dynamic configuration is that the PCFICH and the PDSCH would be multiplexed in the first OFDM symbol. Because the PCFICH is likely to be power-boosted, the available transmit power for the PDSCH in the first OFDM symbol has to be reduced, which is not desired especially in case of using 16QAM and 64QAM. 

Therefore, we propose a semi-static or static configuration. Since the component carrier needs to be operated as a part of carrier aggregation during PDCCH-less configuration, the extension carrier would be good candidate for component carrier which supports PDCCH-less operation in a simple way. 
Regarding the PHICH, it would be beneficial to avoid transmitting a PHICH on the PDCCH-less component carrier for heterogeneous network (i.e. use case 1) where the control channel region on femto/relay cell would suffer strong interference from macro cell, since this will degrade the PHICH performance. A straightforward solution would be to transmit the PHICH from the same CC as used for PDCCH transmission.  
We currently do not see the need to update transport block size table by this modification. RBs on a PDCCH-less CC can be seen as just RBs with more available REs. Then the impact to release 8 codec chain can be minimized.
3.2 Possible procedure for reconfiguration of PDCCH-less component carrier
If configuration of PDCCH-less operation can be semi-static (i.e. not static), a reconfiguration of PDCCH-less CC is necessary. This can be carried out based on dedicated signalling or based on broadcast signalling (i.e. system information) which is transmitted on another CC (e.g. anchor carrier). One way of re-configuring from PDCCH‑less operation to normal operation is as follows:
1. eNB stops assigning UEs on the PDCCH-less CC
2. PDCCH-less CC is changed to normal CC

3. UEs are reconfigured to receive PDCCHs on also the reconfigured CC via dedicated signalling or SI change. 
4. eNB restarts assigning UEs on the reconfigured CC

If an extension carrier would be defined as always PDCCH-less, a component carrier type change between extension carrier and another type of carrier is necessary  in case an operator wants to operate a carrier with control-region. The reconfiguration behaviour could be similar to the reconfiguration procedure above. However, the detailed procedure should be discussed within RAN2.
4 Conclusion 

We propose to support component carriers with PDCCH-less operation since this provides for the following merits: 
· Efficient PDCCH transmission for heterogeneous network with interference coordination 

· Overhead reduction in an operation scenario with a small number of UEs, providing 10% system throughput gain
Additionally, we identified that the following configuration is suitable for PDCCH-less operation. 
· Configuration of PDCCH-less operation is on a static or semi-static basis. 

· PHICH and PCFICH are not transmitted on component carrier with PDCCH-less operation, i.e. PDCCH-less means control region less. 
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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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