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1 Introduction

The CA enhancements WID in [1] addresses multiple aspects and for most of them RAN1 is the primary group for the technical discussions. In particular, the following fall directly under RAN1 areas of responsibility: 
a) Tradeoff analyses for CA enhancements on the following: 
· Signaling improvements including UL and DL physical layer signaling, RRC and MAC signaling, enhanced transmit diversity (TxD) schemes for PUCCH format 3 and PUCCH format 1b with channel selection.

· Support of inter-band CA for TDD DL and UL including different UL-DL configurations on different bands.

b) Tradeoff analyses for additional carrier types, including non-backwards compatible carriers, considering deployment scenarios, benefits, drawbacks and work item time line.
The impact on the RAN1 specifications will be on the UL and DL control signaling and channel structure, on physical layer procedures, on UE capabilities, and on UE (and eNB) core requirements. Obviously, the usual tradeoffs of complexity (specification, implementation, testing) versus the system benefits (throughput, robust and flexible operation, reliable control signaling) apply. This contribution identifies potential areas for CA enhancements, their respective characteristics, and an initial assessment/analysis of the associated tradeoffs. Many enhancements can provide definite improvements while requiring only RRC signaling. 
2 CA Enhancements
2.1 Signaling Enhancements and PUCCH TxD 

The first aspect concerns UL and DL signaling enhancements. Some relevant discussions already occurred during Rel.10 but the corresponding enhancements were not adopted mainly due to the work item timeline. Using some of these enhancements as examples, several levels of associated tradeoffs can be identified. 

Some of the UL and DL signaling enhancements may involve additional (but rather simple) Tx/Rx design, such as for example the transmission diversity method for PUCCH format 3 or for PUCCH format 1b with channel selection (unless SORTD is used, if adopted), but most involve only RRC configurations to a UE for how to transmit UCI using existing structures. In the latter case, the specification impact and the level of involvement from other groups (RAN2 or RAN4) are minimal or none while substantial flexibility and efficiencies can result in the network operation. An exception to such minimalistic approach is the potential enhancement to the DL control signaling where a substantially new design, albeit possibly drawing from the Rel.8 or the relay design, is needed. However, although also applicable to CA, this DL control signaling enhancement is related to improving DL MIMO and supporting CoMP operation and it is not further considered in this contribution.  

The following examples draw from Rel.10 discussions and serve to indicate the different levels of tradeoffs involved for mainly UL signaling enhancements. At one end, such as for transmission diversity for PUCCH format 3 or for PUCCH format 1b with channel selection, a new Tx/Rx design may be needed which will then require associated specification, implementation, and testing and RAN4 involvement. At the other end, such as for multiplexing HARQ-ACK and periodic CSI in case of DL CA, only an RRC configuration is needed for a UE to do so (e.g. the eNB can configure a UE configured with DL CA to multiplex HARQ-ACK and CSI bits in a PUCCH when collisions occur). 
In general, functionalities that result identifiable gains for the network operation and do not involve the use of new physical structures or RAN4 involvement provide an immediate positive tradeoff for their introduction. Obviously, the level of proven necessity increases as the specification requirements in RAN1, the level of involvement of other groups (RAN2 or RAN4), and the level of specification/implementation/testing complexity increase.        
a) Introduction of TxD for PUCCH format 3 and PUCCH format 1b with channel selection
For PUCCH format 3, the alternatives include SORTD, Alamouti coding before DFT, modified SFBC, and FSTD. The tradeoffs were extensively discussed during Rel.10 and include a somewhat better performance and simplified specification for SORTD versus the avoidance of PUCCH overhead increase offered by the other methods. For PUCCH format 1b, the options include SORTD, with possible modifications to avoid increasing overhead, and SCBC. Due to the different alternatives to SORTD in this case, the tradeoffs of complexity, performance and overhead are not the same as for PUCCH format 3 and separate analysis is needed. 
Since all UEs can benefit from TxD and since, due to the reduced transmission power for achieving the reliability targets, the benefits can be network-wide, a method that avoids increasing overhead is preferable from a standpoint based purely on technical merits. Conversely, a method that enables using existing Tx/Rx design, that offers the most simplicity, and that is already supported by specifications is preferable from a practical standpoint. Therefore, this UL signaling enhancement may involve both a technical analysis assessment from RAN1 and specification/implementation complexity/testing assessments from RAN1 and RAN4.

b) Enhancements to HARQ-ACK signaling reliability (both in a PUCCH and in a PUSCH)
Support of HARQ-ACK bundling for PUCCH format 3 (TDD only), other the one performed when the HARQ-ACK codebook size exceeds 20 bits, was discussed but not adopted in Rel.10. A consequence is that in many cases the HARQ-ACK codebook size is too large to be supported for most UE geometries (assuming full or near-full multiplexing capacity for PUCCH format 3). Moreover, the alternative of PUCCH format 1b with channel selection exists only for 2 cells. Therefore, there is a definitive benefit in supporting HARQ-ACK bundling for PUCCH format 3. The mechanism can simply be an RRC configuration, no additional Tx/Rx design complexity is involved, and implementation and testing directly derive from existing ones for HARQ-ACK bundling. 
Support of HARQ-ACK bundling in the PUSCH should satisfy the same objectives as for the PUCCH. Moreover, the HARQ-ACK payloads in Rel.10/11 (up to 16 bits in Rel.10 deployments and possibly up to 20 bits in Rel.11 ones) are significantly larger than the ones in Rel.8 (up to 4 bits). The maximum number of PUSCH REs for HARQ-ACK multiplexing defined in Rel.8 achieved the HARQ-ACK reliability targets at the 5% geometry CDF and 1 PRB PUSCH allocation for up to 4 HARQ-ACK information bits (as required in Rel.8). However, as the maximum HARQ-ACK payloads are (much) larger with DL CA, HARQ-ACK bundling or extension of HARQ-ACK resources should be further considered when the maximum PUSCH REs available for HARQ-ACK multiplexing do not suffice for meeting the HARQ-ACK reception reliability targets. Therefore, there is also a definitive benefit to support HARQ-ACK bundling in a PUSCH when a UE is configured with PUCCH format 3.
In general, support of HARQ-ACK bundling when a UE is configured with PUCCH format 3 is an example of an UL signaling enhancement that could be readily adopted in Rel.11 as it enables a critical objective (achieving the HARQ-ACK reception reliability targets) in frequently occurring situations where the Rel.10 design cannot, does not introduce any new Tx/Rx design, and requires marginal involvement from other groups (e.g. only the definition of the RRC signaling by RAN2). 
c) Enhancements to Periodic CSI Reporting
Another signaling enhancement relates to the support of periodic CSI reports for multiple cells in the same subframe. As Rel.10 deployments consider only two cells, using different subframes for periodic CSI reports for different cells is mostly functional for FDD although it is still somewhat problematic for most TDD UL-DL configurations. In Rel.11, it is desirable to extend support of periodic CSI reporting for multiple cells in the same subframe in order to avoid excessive dropping of reports in case of collisions and to more efficiently support DL CoMP by avoiding latency among reports for different cells. 

Multiplexing periodic CSI reports for multiple cells, for example for 3 or more cells, may be possible using PUCCH format 3 but it is most flexible using PUSCH (also allows the conventional Rel.8-based multiplexing of CSI and HARQ-ACK or SRS in PUSCH). Multi-cell CSI reporting is already supported in Rel.10 for aperiodic CSI reports and it is trivial to also support it for periodic CSI reports (using RRC signaling instead of PDCCH signaling). Considerable flexibility and efficiency is afforded to the network without any additional Tx/Rx design, or new performance requirements or new testing, and with only marginal interaction with other groups (e.g. definition of the RRC signaling by RAN2).  
d) Enhancements to multiplexing of HARQ-ACK and other UCI in a PUCCH

Multiplexing HARQ-ACK and periodic CSI in a PUCCH is not supported in case of DL CA. The consequence is that, particularly for TDD, periodic CSI reporting will be almost always dropped (for UEs having PDSCH receptions which are exactly the ones that need to provide CSI) leading to loss of information at the eNB and unused resources. Scheduling aperiodic CSI in a PUSCH is always a possibility but, due to PDCCH and PUSCH overhead, it is an inefficient and expensive solution that cannot be relied upon or offer additional benefits for all UEs. Relying on SRS (for TDD) is often not possible (few UEs can transmit wideband SRS and not all UEs have the same number of Tx/Rx antennas) and can result to increased overhead. Maintaining the availability of periodic CSI to UEs configured with DL CA is therefore desirable from the network operation perspective. 

Supporting HARQ-ACK and periodic CSI multiplexing can also be based on the existing PUCCH and PUSCH structures and be fully under the control of the network particularly since the corresponding codebook sizes are semi-statically determined. No new Tx/Rx designs are required and the involvement of other groups is expected to be marginal (primarily limited to the definition of the RRC signaling by RAN2). 
2.2 Inter-band CA - Different UL-DL Configurations on Different Bands
TDD already has the advantage of providing flexible resource utilization (e.g. based on traffic characteristics) through different UL-DL configurations. Combined with inter-band CA, more flexibility can be achieved using different UL-DL configurations in different cells (not possible in Rel.10 as only intra-band CA is supported). From a deployment perspective, additional motivations for different UL-DL configurations in different bands are to keep compatibility with existing TDD systems (e.g. TD-SCDMA) in one band while having the flexibility to select the traffic-appropriate configuration in another band and to use an UL-heavy UL-DL configuration in a low frequency band to benefit from improved UL coverage and a DL-heavy configuration in a high frequency band. Therefore, sufficient motivation exists for supporting different UL-DL configurations in different bands.

In terms of the impact to the specifications, both UE-transparent and UE-non-transparent solutions are possible. With a UE-transparent solution, a UE assumes that the UL-DL configuration in each of its Scells is the same as in the Pcell (no additional RRC signaling is introduced to indicate the UL-DL configuration in a Scell) and the eNB, through appropriate scheduling, can ensure that no transmissions to/from a UE exist in subframes configured as DL/UL ones but are actually UL/DL ones in the Scell (i.e. use fake DL/UL subframes to avoid overlapping). For fake UL subframes, as PUCCH transmissions are on the Pcell, there are only PUSCH (and SRS) scheduling restrictions. For fake DL subframes, a similar principle as for TDM ICIC in Rel.10 can be used to address the absence of CRS (i.e. two CSI subsets of subframes can be defined for measurements) but additional restrictions will exist when coexistence with actual TDM ICIC is considered. Therefore, even with the UE-transparent solution, a UE is effectively informed of the UL-DL configuration in a Scell. The advantage of the UE-transparent solution is the obvious minimal specification impact. The disadvantage is the again obvious inability to schedule UEs in Scells in fake DL/UL subframes. 
With a UE-non-transparent solution, a UE is explicitly informed through RRC signaling of the different UL-DL configuration in its Scell(s). The advantages/disadvantages of this solution are the reverse of the UE-transparent one. The specifications will have to address the different HARQ timelines and, in case of cross-cell scheduling, the different DL control signaling timelines. A different duplex filter will also be required at the UE to support simultaneous transmission and reception (additional cost may not exist as different band may have a different RF) but for sufficiently separated bands the insertion loss should be minimal (RAN4 can ultimately perform the self-interference analysis for different band combinations). 
Although detailed investigations into the specification impacts from using different UL-DL configurations in different bands have not yet been done in RAN1, the initial assessment is that it is beneficial to have a UE-non-transparent solution provided that the specification requirements will not be too complex. Some restrictions on the flexibility of the possible combinations for different UL-DL configurations may be desirable to simplify the specifications (other combinations of different UL-DL configurations may be supported by a UE-transparent solution).  

2.3 Introduction of Non-Backwards Compatible Carriers
The primary example of a non-backward compatible carrier is the extension carrier which was defined in Rel.10 [2]. Although not a carrier on its own, the segment may also be considered under the introduction of non-backwards compatible carriers. For brevity, as the extension carrier and the segment have several commonalities (despite some key differences) the remaining discussion focuses only on a brief overview of the tradeoffs for the introduction of the extension carrier in Rel.11. 
The primary deployment scenarios for an extension carrier include DL CA (it can allow for some additional increase in peak data rates as the existence of a DL control region can be completely avoided), het-nets as the existence of a legacy DL control region, which is practice will be indicated to have maximum size, is avoided, and CRS interference is also avoided. Moreover, extension carriers can also provide some small throughput gains, primarily due to the absence of broadcast control and synchronization signals, and can serve to introduce non-backward compatible features that, although beneficial, cannot be introduced in backward compatible carriers or are associated with some drawbacks (e.g. the CSI-RS puncturing PUSCH data REs of Rel.8/9 UEs). Sufficient benefits therefore exist for the introduction of extension carriers. Unlike the time of the initial discussions, Rel.10 is now complete and all tools necessary to support extension carriers already exist. Moreover, as extension carriers use already defined BWs, significant RAN4 participation is not required. RAN2 will of course have to provide the RRC signaling informing a Rel.11 UE of an extension carrier.  

3 Conclusions

This contribution provided an overview of the candidate methods for CA enhancements, assessments for the main characteristics of respective proposals, and an initial tradeoff analysis for each method. Several methods, including the support of an extension carrier, involve only RRC signaling to a UE while allowing for substantial operational benefits without the need for new Tx/Rx designs. More specification effort may be required for supporting different TDD UL-DL configurations in different bands, for DL control signaling enhancements (also relevant to the studies in other WIs) and some specification effort may also be needed to support TxD for PUCCH format 3 and PUCCH format 1b with channel selection. 
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