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1 Introduction
In a previous RAN1 meeting RAN1 decided on the terminology of carriers for LTE-A as follows:
· Backwards compatible carrier:

· A carrier accessible to UEs of all existing LTE releases. 

· Can be operated as a single carrier (stand-alone) or as a part of carrier aggregation. 

· For FDD, a backwards compatible carriers always occur in pairs, DL and UL.

· Non-backwards compatible carrier: 

· If specified, a carrier not accessible to UEs of earlier LTE releases, but accessible to UEs of the release defining such a carrier. 

· Can be operated as a single carrier (stand-alone) if the non-backwards compatibility originates from the duplex distance or otherwise as a part of carrier aggregation. 

· 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.

Further in the last RAN1 meeting, it was agreed to support a carrier indicator which allows to assign PDSCH from a different component carrier. 
In this document we discuss the merits of supporting extension carriers and the operation without a PDCCH. 
2 Merits of an extension carrier
An extension carrier can be a data only carrier and can only be operated as part of carrier aggregation. No SCH and system information will be transmitted in such type of carrier in order to prevent the access from release 8/9 UEs and to reduce the overhead. An extension carrier can be operated without L1/L2 control signaling since a PDSCH on an extension carrier can be scheduled via a PDCCH (with the carrier indicator) on other carriers. Therefore, it would be useful to allow an extension carrier operation without L1/L2 control region (PDCCH, PHICH, PCFICH) which allows the transmission of the PDSCH from the first OFDM symbol. This is beneficial especially for the two use cases outlined below: 

· 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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 \* MERGEFORMAT [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 a reliable and efficient PDCCH transmission, it is beneficial to transmit all PDCCHs on the component carrier suffering from less intercell interference. In such an operation scenario, the component carrier suffering high interference could be PDCCH-less, which is shown in Figure 1. 
In Figure 1, in the macro cell, a higher transmit power is used on CC1 while a lower transmit power is used on CC2. In the femto/relay cell, the transmit power is low on both CCs. The reduction of the transmit power is important for the femto/relay cell to reduce the overall cost of a femto/relay base station. Since PDCCHs on CC1 in the femto/relay cell suffer strong interference from the macro cell, a PDCCH-less operation is configured for CC1 in femto/relay cell. This makes sense since a RB‑level interference coordination of the PDCCH is not possible and therefore, it is not possible to achieve a reasonable individual PDCCH performance by ICIC. Although the PDSCH resources may suffer a similar strong interference on CC1 in femto/relay cell as the PDCCH, 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. It should be noted, that similarly it may also be useful to configure a PDCCH-less operation for CC2 in macro cell because transmitting PDCCHs from CC1 is more efficient and reliable.  
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(a) example of cell deployment                                          (b) PDCCH-less operation 

Figure 1 example of PDCCH-less operation for heterogeneous deployment 

In order to explain the behaviour of interference coordination depending on the traffic load of macro cell and femto/relay cell in more details, Figure 2 shows a conceptual illustration of the interference coordination for (a) PDCCH and (b) PDSCH. In the figures, the vertical axis represents the SINR and the horizontal axis represents the UE location with respect to the macro eNB and femto eNB. In Figure 2(a) the macro cell PDCCH on CC1 and the femto cell PDCCH on CC2 achieve sufficient coverage in each cell by component carrier level interference coordination. Figure 2(b) shows the PDSCH power setting and coverage for various cell loads (i.e. high macro load, even load and high femto load as extreme cases). In case of high macro cell load, the PDSCH on CC2 in macro cell is transmitted with higher power than the one for even load case, and, therefore, the coverage of PDSCH on CC2 is extended compared to even load case. Therefore, a higher capacity in macro cell can be achieved. On the other hand, in case of an high femto cell load, the macro cell PDSCH on CC1 is transmitted with lower power than the one for the even load case, and therefore, the coverage of femto cell PDSCH on CC1 is extended increasing the femto cell capacity. In order to simplify the explanation, we explained the behaviour of the whole CC is higher power or lower power. But the behaviour is also possible in RB (or group of RB) level for smaller granularity.
Without an extension carrier, load balancing between macro and femto is realized by RRC level mobility (reselection in IDLE mode or handover in RRC_CONNECTED mode). However, in certain operation scenarios this does not work very well. One example is a CSG (Closed Subscriber Group) femto cell, which can only be accessed by specific users and may sometimes provide specific service contents like intra-home or intra-office information. Another example is the case where the tariff is different between macro and femto. In these scenarios, a UE should connect to the specific cell (macro/femto) and the mobility decision is not a pure radio condition decision. Then the load balancing without RRC level mobility is further beneficial. 
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(a) Interference coordination of PDCCH region 
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(b) Interference coordination of PDSCH for various cell load cases

Figure 2 PDCCH and PDSCH resource usage and coverage of macro and femto/relay
· Use case 2: Overhead reduction for an operation scenario with small number of UEs, e.g. hotspot/femto/home eNB
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. 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 system bandwidth of 50RBs supporting rank 4 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%. This means the DL throughput can be improved by ~10 %. The details of the overhead calculation are shown in the Annex.
Note that if CRS only on first one or two OFDM symbols is transmitted on a component carrier with PDCCH, the channel estimation accuracy for PDCCH would be degraded [4]. 
We propose to support extension carrier which allows a component carrier operation without PDCCH. 
3 Comparison of extension carrier and segment [5]
Similar to the extension carrier, the concept of segment proposed in [5] also support PDCCH-less operation. In the segment approach, the carrier bandwidth is divided into two parts, backward compatible part and extended part (segment). SCH, PBCH and PDCCH are transmitted only within backward compatible part. 
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(a) Extension carrier                                                     (b) segment 

Figure 3 extension carrier and segment

We see the following differences between extension carrier and segment. 
· Operation bandwidth

For segment approach, the overall bandwidth (backward compatible part + segment(s)) is regarded as a single carrier. It is required to limit the total bandwidth of backward compatible part and segment(s) to 20MHz (110RBs) according to the past RAN1 agreements. Otherwise, modification of TBS table and resource allocation field in PDCCH is required because one PDCCH has to support and indicate more than 110RBs. On the other hand, extension carrier supports operation with multiple wideband (e.g. 20MHz) carriers. 

· PDCCH transmission

For both extension carrier approach and segment approach, the data is indicated by a PDCCH on a backward compatible carrier/part. For extension carrier approach, as shown in Figure 3(a), two PDCCHs on backward compatible carrier indicate the assignment on backward compatible carrier and extension carrier respectively. One transport block for each carrier (i.e. total two transport blocks) is transmitted because of the past RAN1 agreements of separate TB and separate PDCCH coding. For segment approach, as shown in Figure 3(b), one PDCCH indicates both backward compatible part and segment(s), and only one transport block is transmitted over the entire bandwidth. Therefore the PDCCH overhead of segment approach would be smaller compared to extension carrier approach. This is beneficial especially in order to support non LTE-compatible bandwidth efficiently e.g. 6MHz (30RBs). PDCCH overhead is reduced in segment approach since only one PDCCH is required to indicate both backward compatible part (25RBs) and segment (5RBs) which is relatively small portion. However, LTE compatible bandwidth or the multiple of LTE compatible bandwidth seems to be a prioritized operation scenario according to [6]. 
· CRS
For both extension carrier and segment, the transmission of CRS would not be necessary because PBCH and PDCCH are not transmitted. For segment approach, UE uses DRS to demodulate RBs within the segments. When a UE is configured a transmission mode for which CRS is required for demodulation, the UE performs CRS based demodulation for RBs within backward compatible part and DRS based demodulation for RBs within the segments in order to receive the PDSCH assigned on both parts. This could complicate the UE receiver. In order to avoid this, CRS need to be transmitted on the segment as well, which degrades the effect of the overhead reduction discussed in section 2. On the other hand, for extension carrier approach, CRS based reception and DRS based reception are configured separately on each component carrier. Therefore, UE implementation for extension carrier would be simpler.  
· CQI for PDCCH link adaptation
In case of extension carrier approach, a CQI reported for backward compatible carrier could be used for the PDCCH link adaptation because the PDCCH is transmitted on backward compatible carrier. In case of segment approach, for PDCCH link adaptation CQI reporting need to be configured independently for both backward compatible part and segment because eNB requires CQI for PDCCH region (i.e. backward compatible part) and CQI over whole bandwidth for data allocation. This could complicate the CQI reporting. 
· Flexibility of transmission mode 

For segment approach, it is not possible to configure different transmission mode for backward compatible part and segment because one PDCCH indicate both parts. On the other hand, for extension carrier approach, it is possible to configure different transmission modes for backward compatible carrier and extension carrier. This would be useful especially for heterogeneous network because interference and operation condition are different for different component carriers. 
From above comparisons, extension carrier seems more attractive than segment as a way to support PDCCH-less operation. 
4 Possible configurations for PDCCH-less operation 
4.1 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 the 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 of 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. Since the PCFICH is likely to be power-boosted, the available transmit power for the PDSCH in the first OFDM symbol has to be reduced. This is not desired especially in case of using 16QAM and 64QAM. 

Therefore, we propose a semi-static or static configuration of PDCCH-less operation. 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 to support PDCCH-less operation in a simpler 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 and 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.
4.2 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 the reconfigured CC via dedicated signalling or SI change. 
4. eNB restarts to assign UEs on the reconfigured CC

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

We propose to support PDCCH-less component carrier operation with the extension carrier due to 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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