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1 Introduction

According to the Rel-10 Work Item description of carrier aggregation [1], carrier segments are to be considered. Carrier segments were discussed previously in RAN1, e.g., [2]

 REF _Ref247594622 \r \h 
 \* MERGEFORMAT [3], as an efficient way to provide gains in spectrum utilization,  resulting in the LS [4]. The recent LS response from RAN2 [5] pertains to the delivery mechanisms of system information for such a carrier structure. RAN4 also found carrier segments to be feasible [6]. Given this, herein we list carrier configurations for segments and the gains of using such configurations instead of carrier aggregation with either backwards compatible carriers or (yet to be agreed) Extension carriers.  
2 Configurations for carrier segments
Carrier segments, as defined in [3], extend a Rel-8 backwards compatible component carrier with resource blocks dedicated to Rel-10. A number of cases with gains in efficient use of spectrum from using carrier segments can be envisaged:
Backwards compatible bandwidth scalability

As described in [7], LTE is only bandwidth scalable and backwards compatible using the Rel-8 transmission bandwidth configurations. If a new transmission bandwidth configuration will be defined, such a carrier cannot be made accessible to Rel-8 UEs. The same issue occurs even for the existing Rel-8 defined bandwidth configurations, since all bandwidths are not supported and tested for all E-UTRA frequency bands.  If a certain existing Rel-8 bandwidth is introduced in a frequency band where that bandwidth is currently not supported, it will also preclude Rel-8 UE access. These problems would make it difficult for an operator that has a Rel-8 network to upgrade the system with such a carrier if more spectrum becomes available, and still offer backwards compatibility.
In practice, spectrum block assignments do not necessarily match the LTE bandwidths and a consequence is that operators may have an amount of spectrum that is in between two Rel-8 bandwidth configurations. In that case, segments could be added, keeping the carrier backwards compatible while incorporating the additional spectrum. Rel-10 UEs would still access this entity as one single carrier, not requiring carrier aggregation capability.  
Without support for carrier segments, it would be problematic to introduce new transmission bandwidth configurations and keep any form of backwards compatibility to Rel-8/9, which severely restricts the bandwidth scalability properties of LTE/LTE-Advanced.
Carrier segments with Rel-8 transmission bandwidth configurations

RAN4 finds “…that the number of resource blocks for additional smaller carriers (extension carrier/carrier segment) should be limited to the R8 channel bandwidth configurations.” [6]. Carrier segments can be realized within the Rel-8 transmission bandwidth configurations, by utilizing the resource blocks deployed in the vicinity of a backwards compatible carrier as bandwidth segments of the carrier. In that way, spectrum utilization could increase and advantages of having only one single carrier are possible while retaining the Rel-8 transmission bandwidth configuration for a segment, i.e., 6, 15, 25, 50, 75 or 100 resource blocks. Table 1 lists possible carrier configurations that could be considered for a single component carrier being symmetrically extended with two segments, where each segment is limited to the Rel-8 bandwidth configurations. 
Table 1. Carrier configurations with two segments for Rel-8 bandwidths where the total number of RBs is limited to 110.
	Configuration
	#RBs
	Configuration
	#RBs
	Configuration
	#RBs

	(6,6,6)
	18
	(15,25,15)
	55
	(15,50,15)
	80

	(6,15,6)
	27
	(25,6,25)
	56
	(6,75,6)
	87

	(15,6,15)
	36
	(6,50,6)
	62
	(25,50,25)
	100

	(6,25,6)
	37
	(25,15,25)
	65
	(15,75,15)
	105

	(15,15,15)
	45
	(25,25,25)
	75
	(50,6,50)
	106


Another option is to extend the carrier with only one carrier segment. Table 2 lists possible such configurations. 
Table 2. Carrier configurations with one segment for Rel-8 configurations, where the total number of RBs is limited to 110.
	Configuration
	#RBs
	Configuration
	#RBs
	Configuration
	#RBs

	(6,6)
	12
	(25,25)
	50
	(15,75)
	90

	(6,15)
	21
	(6,50)
	56
	(25,75)
	100

	(15,15)
	30
	(15,50)
	65
	(50,50)
	100

	(6,25)
	31
	(25,50)
	75
	(6,100)
	106

	(15,25)
	40
	(6,75)
	81
	


Bandwidth partitioning within a Rel-8 carrier
Carrier segments may not need to contain Rel-8 control channels and therefore no CRS, so issues with CRS shifts for CoMP could be limited by using FDM of Rel-8 and Rel-10 UEs (or CoMP and non-CoMP UEs [8]).  Also the problems with CSI-RS impacting Rel-8 UE performance could be avoided in carrier segments. This can be achieved by bandwidth partitioning within a single existing Rel-8 carrier, where the number of backwards compatible resource blocks and the total number of resource blocks is set according to Rel-8. As this merely is a carrier partitioning, the carrier bandwidths in these cases are thus exactly as in Rel-8. This gives the configurations contained in Table 3, for two and one segments, respectively.
Table 3. Carrier configurations for partitioning a Rel-8 carrier.
	Configuration
	#RBs
	Configuration
	#RBs
	Configuration
	#RBs

	(5,15,5)
	25
	(6,9)
	15
	(15,60)
	75

	(22,6,22)
	50
	(6,19)
	25
	(25,50)
	75

	(30,15,30)
	75
	(15,10)
	25
	(6,94)
	100

	(25,25,25)
	75
	(6,44)
	50
	(15,85)
	100

	(30,15,30)
	75
	(15,35)
	50
	(25,75)
	100

	(47,6,47)
	100
	(25,25)
	50
	(50,50)
	100

	(25,50,25)
	100
	(6,69)
	75
	


Component carriers with more than 100 resource blocks
The prioritized scenarios for carrier aggregation consider very large bandwidths [9], e.g., 80 or 100 MHz in the downlink. For contiguous carrier aggregation, it is possible to place the component carriers densely such that guardbands in between component carriers can be reduced and the bandwidth can exceed 100 resource blocks per component carrier. Carrier segments could be used also in this case to extend component carriers from Rel-8, with a maximum of 110 resource blocks in total, in order to increase the spectrum usage. This has been studied by RAN4 and was considered feasible and additional bandwidth configurations are not precluded [6]. Carrier segments would then be needed to keep the component carrier backwards compatible and be the preferable way to minimize the number of component carriers for a given aggregated bandwidth. 

Conclusion: Carrier segments should be supported to enhance the backwards compatible usage of spectrum.
3 Benefits of carrier segments 
Carrier segments offer possibilities to increase the spectrum usage. Other options include deploying additional carriers (e.g., backwards compatible carrier or, if agreed, Extension carrier) and possibly use cross-carrier PDSCH assignments. Segments have a number of benefits but also some similarities to Extension carriers, which are discussed in the following section. 

Need for carrier aggregation

For bandwidths up to 20 MHz, carrier segments do not require UEs capable of carrier aggregation. If instead of segments, another separate carrier is deployed (either a backwards compatible carrier or an Extension carrier), access to the whole bandwidth is limited to only those of the Rel-10 UEs being capable of carrier aggregation. From an efficiency and complexity point of view, increasing the number of carriers would be less desirable than using one single wider carrier. This principle is already part of Rel-8, as 1x10, 1x15 and 1x20 MHz carriers are defined instead of 2x5, 3x5 and 4x5 MHz carriers.
Carrier aggregation in Rel-10 has the scope of bandwidth extension, i.e., aggregation bandwidths are beyond 20 MHz and it was agreed by RAN1 that the ACK/NACK feedback for multiple DL CCs should not be optimized assuming large number of UEs being simultaneously scheduled on multiple DL CCs [10]. Obviously, this is violated if carrier aggregation should support use cases with aggregation bandwidths smaller than 20 MHz, since a large number of UEs will then have to be supported. Carrier aggregation is currently not in the focus for bandwidths below 20 MHz and it would thus restrict Extension carrier operation to aggregation bandwidths above 20 MHz. 
Carrier segments are part of a carrier and could be accessed by Rel-10 UEs using a complexity similar to the existing UE categories as in Rel-8. If in addition to all the scenarios that RAN4 is investigating [9], also carrier aggregation below 20 MHz should be provided, likely a new set of UE categories may be needed, where a category may not only be categorized by the RF bandwidth (i.e., 20 MHz) but also the capability in terms of the number of aggregated component carriers and their locations (intra/inter-band).  
For bandwidths above 20 MHz, carrier aggregation has to be used and also multiple component carriers with carrier segments could be aggregated. With regards to implementations, the aggregated channel bandwidth is an indication of complexity, but for some hardware and software components, also the number of component carriers matters, as some replication may be needed for each carrier. Hence, from this aspect it may be disadvantageous to divide a bandwidth, that otherwise could be supported by implementation as one single carrier, into multiple carriers. Carrier segments would minimize the number of component carriers.
HARQ and feedback
With a separate carrier (backwards compatible carrier or an Extension carrier), multiple HARQ entities must be used, which increases receiver complexity and will lead to more UL signaling, e.g., ACK/NACKs and CQIs. For the UE, this could impact power consumption, especially if the single-carrier property is broken due to multiplexing large number of ACK/NACKs. For the system, considering asymmetric carrier aggregation and MIMO operation, multiplexing a large number of ACK/NACKs could require a significant amount of resources for accommodating the PUCCH region.
A separate carrier could use different transmission mode than the main carrier. This may have relevance for inter-band aggregations, e.g., not configuring MIMO on all carriers. However, this flexibility may come at the expense of large amount of blind decoding and methods for reducing blind decoding must then be considered. It was also mentioned to keep the same transmission mode on all PDSCHs that are cross-scheduled from one carrier [11]. The possible advantage with multiple HARQs could be to have different MCSs on the Extension carrier and the main carrier. On the other hand, in Rel-8 the gains of frequency dependent MCS did not justify the additional signaling overhead.    
Interference reduction for PDCCH

One argument for a separate carrier is to protect the PDCCH from inter-cell interference in heterogeneous environments by FDM of control regions. However, the potential gain of interference reduction in the Femto cell/HeNB from Extension carrier comes with the drawback of, apart from introducing multiple carriers, requiring the deployment of a non-backwards compatible carrier also in the macro cell. Furthermore, the interference can be reduced only if the cells are symbol- and subframe synchronized. If the cells are unsynchronized, there is not necessarily any interference reduction as PDSCH-to-PDCCH interference may occur. Notably, component carriers with one segment also could alleviate PDCCH interference by FDM. The segments could thereto have different frequency reuse and TX power than the backwards compatible part, which could be an advantage for ICIC purposes.     
Another alternative, not requiring any non-backwards compatible carrier structure, is to reduce interference by TDM, i.e., to time-offset the cells such that the control regions do not overlap [12]. If carrier aggregation is not possible, macro UEs and Femto/HeNB UEs must exist on a shared carrier and other techniques (cf. [13]) than Extension carrier for interference reduction may anyway be needed. Hence, further work should be done for interference reduction in HetNets before concluding there is a need to resolve it by carrier aggregation, e.g., by introducing Extension carrier.

Cross-carrier PDSCH assignments

Carrier segments would not rely on cross-carrier assignments, while that at least seems necessary for Extension carrier [3], unless it includes some new Rel-10 PDCCH. On one hand, cross-carrier PDSCH assignments can be used for ICIC (even with a backwards compatible carrier), but it uses multiple  PDCCHs in the main carrier which increases the occupancy of CCEs and may lead to higher PDCCH blocking with associated throughput losses, and less power available for boosting control channels. Consequently, drawbacks would indirectly affect the UEs (e.g., Rel-8) that are not even configured for cross-carrier assignments. Cross-carrier PDSCH assignments would always need to be used for the Extension carrier, even if the interference situation actually would have made it possible to operate without cross-carrier assignments, and may result in unnecessary PDCCH capacity loss in the main carrier. In [14], it was anticipated that the PDCCH capacity will be limited with cross-carrier assignments and an enlarged control region should be specified. A larger overhead should thus be accounted for. 
Increased number of blind decodings is a general concern for carrier aggregation and also for cross-carrier assignments. Different component carrier bandwidths may result in different payload sizes for the same DCI format which may lead to more blind decodings. 

Bandwidth resources
Both carrier segments and Extension carrier are basically bandwidth resources without Rel-8 control channels. In that respect, the carrier segments as described by the configurations in Table 1 and 2, could also be regarded as resources from Extension carriers being deployed next to a backwards compatible carrier. Since Extension carriers are not backwards compatible, not visible to Rel-8 UEs, and may not have synchronization signals, they could be located off the frequency raster and potentially be utilized as segments.

Thus there is a similarity between segments and Extension carrier, as they constitute a set of resource blocks without Rel-8 PDCCH which in many cases could be deployed as segments, alleviating the drawbacks of having multiple PDCCHs and carriers. Hence, capability for segments would be widely applicable and should be specified in Rel-10, regardless if Extension carrier is introduced or not.
Conclusion: Carrier segments could avoid the disadvantages of introducing separate carriers. Methods for inter-cell interference coordination in HetNets, including Extension carrier, are FFS.
4 Items for carrier segments   
The following initial items would be within the scope of carrier segments: 

Supported carrier configurations
A Rel-10 UE needs to be informed about the existence of the segments and the carrier structure (number of resource blocks, number of segments, positions etc.); however, this should not be seen as time-critical information since UEs of all releases could access the carrier through the backwards compatible part. Thus it will not affect the carrier access procedure and signaling should not be an issue. Either, some form of SIB may be used for broadcasting this LTE-Adv specific information, or UE-specific semi-static configuration of carrier segment usage could also be one possibility. How to signal this would be in the scope of RAN2, which already indicated that there is no system information specific to carrier segments other than their bandwidth/position [5]. RAN1 would decide on what type of information that is sufficient for describing a carrier structure with segments.
DCI message formats 

Considering that the same transmission mode is assumed on the segments as the main carrier, DCI format types based on Rel-8 would seem appropriate. Further discussion on the carrier structures and associated signaling previously mentioned would be needed in RAN1 before settling the details. 

Regarding the DCI message sizes and which DCI formats that can include carrier segments, that is a discussion very similar to the CI field [11], i.e., another feature only applicable to PDCCH of the Rel-10 UEs. Carrier segments should preferably apply to all UE-specific assignments, i.e., if reusing Rel-8 DCI, the Formats 0, 1, 1A, 1B, 1D, 2 and 2A with C-RNTI. Since segments are not utilized in the carrier access, Format 1C and 1A in the common search space with SI/P/RA-RNTI would not need to support carrier segments. Hence, in the initial access also Format 1A and 0 in the common search space with Temporary C-RNTI would not need to include carrier segments. Further consideration would be needed if/how to support segments for Format 0 and 1A with C-RNTI in the common search space; an issue akin to the discussion that has already begun in parallel for the CI field. The PDCCH design for segments could likely follow that topic. 
Carrier segments in uplink

Carrier segments could be used in the UL for the Rel-10 PUSCH, e.g., using non-contiguous resource allocation. Adding segments would also generate a larger guardband for the PUCCH. Another possibility is to use the segments for a Rel-10 PUCCH resource region to thereby reduce the PUCCH region in the backwards compatible part of the carrier, which otherwise needs to cater for both Rel-8 and Rel-10 PUCCH transmissions. Improvements in Rel-8 performance may thus be the result of the smaller PUCCH region. Since the LTE specifications already are prepared to facilitate different values of the UL (through SIB-2) and DL transmission bandwidth configurations, it would be possible in Rel-10 to only specify carrier segments in the DL. This could alternatively be seen as PUCCH over-provisioning, which is already possible in Rel-8. 
Conclusion: RAN1 should decide on supported carrier structures for segments and the associated PDCCH design.
5 Conclusions
Carrier segments provide means for backwards compatible bandwidth scalability and improved spectrum usage. This could be achieved without carrier aggregation, non-backwards compatible component carriers and cross-carrier PDSCH assignments, and therefore without the drawbacks thereof, such as more UL control signaling, PDCCH blocking and blind decodings. Hence, carrier segments should be supported for the current Rel-8 bandwidth configurations, as well as potential new ones. 
It is proposed that RAN1;
i) determines signaling associated to a carrier structure with segments, and 
ii) defines a PDCCH that can control transmissions (up to 110 RBs) with carrier segments. 
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