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1 Introduction
RAN1 made a working assumption to introduce at least one new carrier type in RAN1#66bis [1].

Working assumptions:

· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS

· at least for the downlink (or for TDD, the downlink subframes on a carrier)

· associated with a backward compatible carrier

· study further: 

· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required

· For FDD a downlink carrier of the new type may be linked with a legacy uplink carrier, and for TDD a carrier may contain downlink subframes of the new type and legacy uplink subframes.

Note that the current scope of the WI is for CA.

Uplink enhancements are not precluded. 

This contribution provides a brief overview and characteristics for some additional carrier types and discusses their benefits.

2 Discussion

Rel-10 specification supports aggregation of up to five component carriers. A Rel-10 CA-capable UE that is configured with more than one component carrier receives the Scell configuration (e.g. system information of the Scell) via dedicated RRC signaling (e.g. via the legacy Pcell). Thus, such a UE is not required to read the PBCH and System Information (SIBs) from a Scell directly. In addition, if the UE is capable of and is configured with cross-carrier scheduling, then it is further not required to monitor the control region of a cross-scheduled Scell. Thus, from a Rel-10 CA-capable UE’s perspective, there are potentially two types of carriers that can serve as a Scell carrier (for aggregation with a legacy carrier) for that UE (Figure 1 provides a brief pictorial overview of the different additional carrier types) –
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Figure 1 - Characteristics of Carrier Types for aggregation (or association) with a legacy carrier.

· Type 0 carrier is backwards-compatible and contains all legacy channels/transmissions (as described in Figure 1). 

· A Type 0 carrier can also be a standalone Rel-8/9/10 backwards-compatible carrier, though the CA-capable UE treating a Type 0 carrier as an Scell carrier is not required to reach PBCH and System Information (SIBs) from that Scell. 

· Type 1 carrier is a carrier type that can be supported only by a Rel-10 UE that is capable of and configured with cross-carrier scheduling. 

· Such a UE is not required to read the PBCH, SIBs of the Scell and it is also not required to read the PCFICH/PHICH/PDCCH on the Scell if the Scell is cross-carrier scheduled. The PBCH, SIBs of the Scell is obtained via dedicated RRC signaling and the PDSCH is cross-carrier scheduled using control region of a different cell (e.g. Pcell). Thus, the UE is expected to process only the PSS/SSS, legacy CRS, and PDSCH in a Type 1 carrier (and potentially rate-matching around the PBCH REs). Therefore, for CA, a carrier that transmits only PSS/SSS, legacy CRS, and PDSCH may be considered as backwards-compatible. A Type 1 carrier is not required to transmit PBCH, SIBs, and PCFICH/PHICH/PDCCH. Such carriers are only accessible to Rel-10 CA capable UEs that are also capable of cross-carrier scheduling. Type 1 carrier is not accessible to Rel-8/9 UEs as a standalone carrier.  PDSCH in Type 1 carrier may be based on any legacy transmission modes (tm1-tm9).
Other than the above two carrier types supported by Rel-10 CA-capable UEs, several other additional carrier types that can be aggregated/associated with a legacy carrier may be defined. Following are some potential additional carrier type candidates for Rel-11.

· Type 2a carrier is an additional carrier type (extension carrier) that is scheduled via cross-carrier scheduling. 
· A Scell with a Type 2a carrier does not transmit PBCH, SIBs and PCFICH/PHICH/PDCCH. The Scell configuration information (e.g. Scell system information) is obtained via dedicated RRC signaling (e.g. via the legacy PCell) and the PDSCH in the Scell is cross-carrier scheduled using legacy control region of a different cell (e.g. Pcell). Moreover, if Type 2a is not backwards-compatible with Rel-10, there is no need to rate-match around PBCH REs as PBCH REs can be reused for other purposes in Rel-11. 

· Type 2b carrier is an additional carrier type (extension carrier) that is scheduled via EPDCCH in the additional carrier type. 
· A Scell with Type 2b carrier does not transmit PBCH, SIBs, legacy control (PCFICH/PHICH/PDCCH). The Scell configuration information (e.g. Scell system information) is obtained via dedicated RRC signaling (e.g. via the legacy PCell). The PDSCH in the Scell is scheduled via EPDCCH sent in the Scell. Since the Type 2b is not backwards-compatible with Rel-10, there is no need to rate-match around PBCH REs as PBCH REs can be reused as desired for Rel-11 purposes. 

Following are two elements that apply to both Types 2a and Type 2b carriers 

· The transmission of synchronizations signals (PSS/SSS) and Reference Signals (e.g. CRS) can be made configurable. This allows the eNB to transmit these signals only when necessary rather than transmitting them on a continuous basis, thus allowing energy savings. The eNB can in turn configure the UE to acquire synchronization and measure the Reference Signals on an as-needed basis. While it is possible to completely eliminate CRS transmissions, some sort of Reference Signals are required to enable the UE to perform time and frequency synchronization/tracking, measurements, etc. 

· Since the carrier can contain further reduced CRS (compared to Rel-8/9/10), it then seems reasonable to only support DMRS-based PDSCH transmission modes such as tm9 and using CSI-RS based feedback. This would enable reduced implementation complexity while allowing CA UEs to experience full benefits of DMRS-based transmission schemes.

· Type 3 carrier (segment) is a carrier type that is associated with a legacy carrier and it may be defined as contiguous bandwidth extension of a backwards compatible component carrier.
· Type 3 carriers (segments) are targeted for certain specific small bandwidth scenarios where the cumulative bandwidth of the Type 3 carrier and the associated legacy carrier is less than the maximum Rel8 ‘addressable bandwidth’ of 110RBs and the Type 3 carrier RBs are contiguous to the legacy carrier. For this particular subset of scenarios, Type 3 carrier provides an alternative to extension carriers (Type 2a/2b) by allowing both the legacy carrier RBs and Type 3 carrier RBs to be addressed using a single PDCCH (i.e., a single TB can assigned over the cumulative RBs). Thus, Type 3 carriers can provide some gain by reducing the additional PDCCH transmission that would otherwise be required with extension carriers (Type 2a/2b) as well as avoiding the need to schedule two small TBs when scheduling a larger TB is more efficient. 

· Type 3 carrier does not require synchronization signals as the synchronization from the associated legacy carrier is sufficient. Similarly, there is no need to transmit PBCH and SIBs in the Type 3 carrier as this information is expected to be acquired via the legacy carrier. As described earlier, the PDCCH in legacy carrier is used to schedule the Type 3 carrier RBs. CRS transmission in Type 3 carrier is not required as the CRS in the legacy carrier is sufficient to perform the required measurements and time and frequency synchronization/tracking. Optional CRS transmission in Type 3 carrier may be required to support CRS-based PDSCH transmissions mode. However, it may be simpler to use DMRS-based TM to schedule Type 3 carrier RBs.
Comparison of Carrier Types for aggregation (or association) 

Figure 2 shows a brief comparison of advantages/disadvantages of the different additional carrier types. 

Carrier Types 0/1 provide typical CA benefit of increased UE throughputs via aggregation of contiguous or non-contiguous spectrum for cumulative bandwidth of upto 110 RBs and beyond. Additionally, Type 1 carrier supports CA-based HetNet for FDD and for TDD (only low-medium CRE bias for TDD), but cross-carrier scheduling can result in PDCCH capacity limitation on the associated legacy Pcell. 

Carrier Type 2a/2b can also provide the typical CA benefit of increased UE throughputs via aggregation of contiguous or non-contiguous spectrum for cumulative bandwidth of upto 110 RBs and beyond. Additionally, Type 2a/2b carriers can provide CA based HetNet support for both FDD and TDD. Due to configurable CRS/PSS/SSS signaling, Type 2a/2b carriers can provide some spectral efficiency improvement, but more importantly, it enables additional energy savings at the eNB and support for improved interference management by not requiring continuous transmission of such signals. Comparing Type 2a and Type 2b, it is noted that a Type 2a carrier can result in PDCCH capacity limitations on the Pcell due to cross-carrier scheduling. Type 2b carrier does not overload the legacy PDCCH and instead relies on the increased capacity EPDCCH within the carrier for PDSCH scheduling. 

Carrier Type 3 can provide increased throughput via aggregation of contiguous spectrum for cumulative bandwidth of up to 110 RBs. It can support CA-based HetNet for FDD and TDD. If the segment BW is small compared to legacy carrier BW, then it implies a small increase in the RA size for the DCI formats, in which case there may little or no PDCCH capacity limitation. Otherwise, there is a possible PDCCH capacity limitation if arbitrary combination of legacy and segment BWs are allowed. Type 3 are not expected to  provide energy savings at the eNB as the ‘segment’ portion of the Type3 carrier is not expected to be transmitted from a separate transmit chain at the eNB. 
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Figure 2 - Characteristics of Carrier Types for aggregation (or association) with a legacy carrier.

Based on the discussion, carrier Type 2b discussed above appears to provide most of the benefits expected from additional carrier types and is also applicable to a wide set of deployment scenarios.. Therefore it is proposed that RAN1 should focus on additional carrier type based on the Carrier Type 2b, which is characterized by 

· Configurable Synchronization signals (PSS/SSS) 

· Configurable Reference Signals (or Reduced CRS) to enable the UE to perform time and frequency synchronization/tracking, measurements
· EPDCCH in the carrier is used to schedule PDSCH in the carrier 

· PDSCH transmission modes based on DM-RS (e.g. TM9) and feedback based on CSI-RS

It is further noted that Type 3 carriers can also be additionally considered based on feedback received from RAN4.

3 Conclusions

It is proposed that RAN1 should focus on additional carrier type based on the Carrier Type 2b (extension carrier using EPDCCH), which is characterized by 

· Configurable Synchronization signals (PSS/SSS) 

· Configurable Reference Signals (or Reduced CRS) to enable the UE to perform time and frequency synchronization/tracking, measurements
· EPDCCH in the carrier for scheduling PDSCH in the carrier 

· PDSCH transmission modes based on DM-RS (e.g. TM9) and feedback based on CSI-RS

Additional carrier type based on Type 3 can also be additionally considered based on RAN4 feedback. 
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