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Discussion and Decision
1.

Introduction
Release 11 LTE Carrier Aggregation Enhancements WI was originally approved in [1] in RAN#51 and further updated in [2] in RAN#52. The following conclusion and working assumptions were agreed in RAN1#66bis:

Conclusion:

From a RAN1 perspective, the main motivations identified for introducing a new carrier type for carrier aggregation are:

· Enhanced spectral efficiency

· Improved support for het net

· Energy efficiency

It is for RAN4 to determine whether there is a need for new RF bandwidths to support improved bandwidth scalability. 
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.
Defining an additional carrier type with reduced/eliminated legacy control signalling and/or CRS produces certain technical challenges depending on the carrier aggregation deployment scenario considered. Also the benefits of the additional carrier type may vary between scenarios. In this contribution we discuss potential new carrier types in the context of the carrier aggregation deployment scenarios defined in [3], and focus on the potential advantages and the main challenges. We also provide brief analysis on the relation between the work on new carrier types and some of the related topics in other SIs or WIs.
2. Relation between new carrier types and work in other WIs/SIs

ePDCCH

New carrier types, and especially extension carrier, is often considered to be quite closely related to the ePDCCH. Extension carrier has been mentioned to be one of the main use cases for ePDCCH, allowing for harvesting the frequency domain scheduling and beam forming gains for control signalling without increasing the RS overhead too much. It seems clear that the new carrier types need to be kept in mind in the design of ePDCCH. However, it also appears the work on new carrier type does not rely on a specific design of ePDCCH. Furthermore, as the work on new carrier type is done in the context of carrier aggregation, it seems natural that cross carrier scheduling can also be used for scheduling the new carrier type. Hence it seems the work on new carrier type under the Carrier Aggregation Enhancements WI can proceed independently from ePDCCH work.
Observation 1: The work on new carrier type under the Carrier Aggregation Enhancements WI can proceed independently from ePDCCH work.
Interference estimation

Another issue being discussed under multiple SIs/WIs is the interference estimation in the case when the CRS are not present. Reducing or eliminating the CRS may cause the quality of the CSI measurements to decrease as especially interference estimation may turn out to be problematic. This may have consequent impact on the scheduling and link adaptation gains. Therefore the feasibility of interference estimation without CRS, currently being discussed under CoMP and DL MIMO topics, needs to be taken in to account here too and universal solution should be developed, if deemed necessary.

Observation 2: The feasibility of interference estimation without CRS, needs to be taken in to account also in the work related to new carrier types and universal solution should be developed for all use cases, if deemed necessary.

3. Applicability of new carrier types in CA deployment scenarios
Four carrier aggregation deployment scenarios have been defined in [3]. Each scenario has its special characteristics and from the view point of new carrier types they may imply different specification and implementation impact. In the following we briefly discuss the different scenarios and the applicability of new carrier types in each case.
Carrier aggregation scenario #1
In carrier aggregation scenario #1, as shown in Figure 1, the new carrier type is associated with a backward compatible carrier in the same band and same physical location. Both extension carrier and carrier segment approach may be applied in this scenario.
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Figure 1. Carrier aggregation deployment scenario #1.
One of the drivers for this scenario is improved spectral efficiency by reducing signalling overhead, especially for narrow bandwidths. The signalling overhead reduction from removal of PSS/SSS and PBCH is calculated in Table 1 and overhead from reference symbols are shown in Table 2. 
Note here that while removal of SSS/PSS/BCH does bring a clear reduction in system overhead especially for low carrier bandwidths, the removal of CRS does not automatically reduce system overhead significantly. If the new carrier type does not transmit CRS then only transmission modes based on UE specific reference signals can be used, and the minimum overhead from UE specific reference signals is only slightly less than from 2 CRS ports. Moreover overhead from CSI-RS would also need to be added to handle channel measurements. In other words the removal of CRS does not bring significant reduction in system overhead as long as the typical LTE deployment option with 2tx is used.
Table 1 Signalling overhead reduction as a function of channel bandwidth

	Channel bandwidth
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Signalling overhead from PSS/SSS/PBCH
	5.7%
	2.3%
	1.4%
	0.7%
	0.5%
	0.4%


Table 2 Overhead due to reference symbols
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One Another potential use case for additional carriers in carrier aggregation scenario 1 is interference avoidance in HetNet deployments. The analysis in [4] shows that strong CRS interference can have severe impact on PDSCH demodulation performance. This indicates that interference avoidance in HetNet scenarios provide a potential use case for additional carrier type, though advanced receiver implementation in the terminals also represent a viable solution. Moreover, the CRS is used by the UE to carry out channel measurements for estimating CQI, PMI and rank, so CRS will not be removed but rather replaced (by CSI-RS). Interference from CSI-RS will remain even in such new carrier type and solutions both in transmitter and receiver side will need to be considered.
Network energy savings are not expected to be the main driver for new carrier types in this scenario. With intra-band carrier aggregation it is quite likely that both carriers share the same RF and power amplifier units, and therefore energy savings from switching off the carrier are expected to be minor.

In this scenario, it is relatively straightforward to remove/reduce PSS/SSS and CRS, since synchronization and RRM measurements system can depend on the associated backward compatible carrier. However, some of the available gains may not be achievable immediately after deployment, due to existing base of legacy terminals not being able to utilize the non-backward compatible carrier type.

Observation 3: New additional carrier type should be able to support carrier aggregation scenario #1 with relatively low standardization and implementation effort.
Carrier aggregation scenario #2

In this scenario (Figure 2) the additional carrier type is deployed in the same physical location as the associated backward compatible carrier, but the frequency bands are different. In practice this means that there is no backward compatible carrier deployed in the frequency band where the additional carrier type operates (otherwise the additional carrier type should be associated with the backward compatible carrier in the same frequency band). This scenario is applicable only to extension carrier approach since (by definition) carrier segments can only deployed in the same frequency band as the associated backward compatible carrier.
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Figure 2. Carrier aggregation deployment scenario #2.
One of the potential use cases for new carrier type in this carrier aggregation scenario 2 is DL only deployments on unpaired bands [7]. Carrier aggregation on such band combinations is not yet defined, and legacy terminal population is likely to be small if extension carrier is supporting this scenario in Rel11. Therefore the full gain of extension carrier deployment could be achieved.  
The same considerations done on control overhead reduction and HetNet interference avoidance for carrier aggregation scenario 1 also apply to the inter-band scenario.

Carrier aggregation scenario 2 provides an additional use case compared to scenario 1. In this scenario energy savings by turning off RF transmission on one carrier are possible. Previous studies ([5], [6]) have shown energy savings in the range between 10%-30% by enabling switching off transmission from one base station/component carrier based on more or less fast variations in the offered traffic. However, the potential for network energy saving when comparing cases which have two legacy carriers deployed against the case with one legacy carrier and one new carrier deployed should be further analyzed. The gain is expected to heavily depend on the traffic profile, as well as on the assumed reference scenario. In carrier aggregation scenario #2 it is not possible to solely rely on backward compatible carrier for RRM measurements and synchronization. It has to be carefully analysed how CRS and PSS/SSS are reduced/removed in inter-band additional carrier deployments. This might require significant standardization efforts, and therefore the gain mechanism in this scenario should be carefully considered.
Observation 4: Support of new carrier type for carrier aggregation scenario #2 should be carefully considered taking into account the trade-off between the potential gain and the required standardization effort/implementation complexity to support RRM measurements and synchronization on the new carrier type.
Carrier aggregation scenario #3

In this scenario (Figure 3) the associated backward compatible carrier would be located in the same physical location and in the same frequency band, but the carriers would have different coverage areas. This would lead to artificially de-coupling the close association between backward compatible and additional carrier type. It is not obvious what would be a use case for such deployment. This scenarios may not be suitable for additional carrier type. 
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Figure 3. Carrier aggregation deployment scenario #3.
Observation 5: Carrier Aggregation scenario #3 seems to lack proper use case for additional carrier type. Until a proper use case motivating the usage of this case is found, one should de-prioritize this scenario in additional carrier type studies.
Carrier aggregation scenario #4

In carrier aggregation scenario #4 (Figure 4) the additional carrier and the legacy carrier are deployed in different frequency bands, and in different physical locations (remote radio heads).
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Figure 4. Carrier aggregation deployment scenario #4.
From the new carrier type point of view this scenario is similar to scenario #2. The backward compatible carrier cannot be relied on for RRM measurements and synchronization. In addition, there may be additional problems related to timing advance values.  
Observation 6: Support for new carrier type for carrier aggregation scenario #4 should be carefully considered taking into account the trade-off between potential gain and required standardization effort/implementation complexity to support RRM measurements and synchronization on the new carrier type.
4. Conclusions
In this contribution we have discussed the relation between the work on new carrier types and other LTE Rel-11 Sis/WIs as well as highlighted the potential gains and main challenges of introducing new carrier type for carrier aggregation in Rel11 in different carrier aggregation scenarios. We suggest that RAN1 further discusses on the carrier aggregation scenarios that should be supported by the new carrier type when taking into consideration both the expected gains and the main challenges. Based on the discussion we make following observations.

Observation 1: The work on new carrier type under the Carrier Aggregation Enhancements WI can proceed independently from ePDCCH work.
Observation 2: The feasibility of interference estimation without CRS needs to be taken in to account also in the work related to new carrier types and universal solution should be developed for all use cases, if deemed necessary.

Observation 3: New additional carrier type should be able to support carrier aggregation scenario #1 with relatively low standardization and implementation effort.

Observation 4: Support of new carrier type for carrier aggregation scenario #2 should be carefully considered taking into account the trade-off between the potential gain and the required standardization effort/implementation complexity to support RRM measurements and synchronization on the new carrier type.
Observation 5: Carrier Aggregation scenario# 3 seems to lack proper use case for additional carrier type. Until a proper use case motivating the usage of this case is found, one should de-prioritize this scenario in additional carrier type studies.

Observation 6: Support for new carrier type for carrier aggregation scenario #4 should be carefully considered taking into account the trade-off between potential gain and required standardization effort/implementation complexity to support RRM measurements and synchronization on the new carrier type.
Finally, based on observations 3- 6, we make the following proposal:

Proposal: The CA deployment scenario #1 should have the first priority in the work on new carrier types in Release- 11. 
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