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1 Introduction

The proposal of introducing component carriers with more than 100 RBs for contiguous carrier aggregation has been discussed and analysed in numerous papers in the past, e.g.,  [3],[11],[17],[18],[12]

 REF _Ref240698637 \r \h 
[19]. The aim of this proposal is to increase the spectrum usage in cases where the use of component carriers limited to 100 RBs would lead to unnecessarily large guardbands and waste of spectrum.

In recent discussions, some questions were raised regarding the applicability of this proposal. It was also argued that the use of additional component carriers with existing narrow bandwidth could be used as a second alternative to reduce the unnecessary guardband.

In this contribution, we provide further analysis of the aspects discussed in previous meetings and also more details for the comparison with the second alternative, i.e., the use of additional narrowband component carriers.  

2 Backwards compatibility
For the work on carrier aggregation, three component carrier types have been given for LTE-Advanced whose agreed definitions were stated in [1] and are included below. The work on carrier aggregation at RAN2#67 also stemmed from these definitions. 
· 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.

The definition associates the carrier type to its accessibility and this type of carrier obviously has to be supported since LTE-Advanced should be backwards compatible and thus accessible to Rel-8 UEs. Component carriers that have a structure exactly as in Rel-8 (same channel spacing, channel bandwidth and transmit bandwidth configuration) are a subset of the backwards compatible carriers. The Rel-8 accessibility is facilitated as long as the carrier is deployed in the specified E-UTRA frequency bands, using the default duplex distance and contains the access channels as specified in Rel-8. The methods associated with controlling carrier accessibility for a UE are solely under the responsibility of RAN WG2 [2] and is not related to the component carrier structure, including transmission bandwidth configuration or guard bands. Whether a UE should be able to access a carrier is a control signaling issue and such methods already exist in Rel-8, including cell barring. Additional resource blocks on a component carrier do not prevent the accessibility for a Rel-8 UE as they are orthogonal and transparent to the Rel-8 UE and, as simulation results showed, will not incur any performance impact [3] for the Rel-8 UE receiver. 
It has been agreed that component carriers are separated by multiple of 300 kHz [4], i.e., they remain on the E-UTRA channel raster and can thus be made accessible to Rel-8 UEs. Also carriers with >100 RBs can be located with 300 kHz spacing [11] and additional RBs have no impact on the carrier’s raster placement. Hence, for example a backwards compatible 108 RB carrier could be accessed by both LTE and LTE-Advanced UEs. RAN WG4 has agreed on that “…the n*300 kHz spacing can be facilitated by insertion of a low number of unused subcarriers between contiguous component carriers.” [4]. This type of compact carrier spacing reduces the unnecessary guardbands between component carriers but would still be backwards compatible as all Rel-8 channels used for channel access can be provided and the carrier is located on the E-UTRA raster. 
Furthermore, a backwards compatible carrier is not limited to Rel-8 transmissions only and does not exclude usage of certain Rel-9 and Rel-10 signals. Such Rel-9 and Rel-10 signals may also not completely leave Rel-8 UEs unaffected, e.g., the positioning reference signals in Rel-9 or the new CSI-RS for LTE-Advanced in Rel-10 which is punctured into the data region of normal/MBSFN subframes [5] and could incur a corresponding performance degradation to Rel-8 UEs. 
· 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. 

The definition implies that there could be at least one type of non-backwards compatible carriers, for example a component carrier where the non-backwards compatibility originates from the duplex distance. From [4] it can be deduced that asymmetric carrier aggregation should be possible and thus, if it is supported in the specified Rel-8 frequency bands, component carriers with non-Rel-8 duplex distances will have to be specified by RAN WG4. Such a carrier will therefore be non-backwards compatible with Rel-8, regardless of its structure, and it would be RAN WG2’s scope to handle the accessibility issues related to such asymmetries in number of UL/DL component carriers. 
· 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.

The motivation for extension carrier might be reduced control channel overhead but it cannot be directly accessed by a UE. 
In conclusion, component carriers with compact carrier spacing and transmission bandwidth configurations >100 RBs are accessible to Rel-8 UEs and therefore backwards compatible.  
3 Transmission bandwidth configurations

The channel bandwidths of the component carriers in carrier aggregation should be the same as in Rel-8 [4], which means that the aggregated channel bandwidth have to be expressible in any of 1.4, 3, 5, 10, 15 or 20 MHz. The transmission bandwidth configurations for these channel bandwidths have not been determined. Moreover, the only agreed channel bandwidths for carrier aggregation, upon which the RAN4 study item should be concluded, are those in the scenarios of [6] and those that have highest priority are given by the following table from [4].
Table 11.1.1-1: Deployment scenarios

	Scenario
	Proposed initial deployment scenario for investigation 

	A
	Single band contiguous allocation for FDD (UL:40 MHz, DL: 80 MHz)

	B
	Single band contiguous allocation for TDD (100 MHz)

	C
	Multi band non-contiguous allocation for FDD (UL:40MHz, DL:40 MHz)

	D
	Multi band non contiguous allocation for TDD  (90 MHz)


These channel bandwidths, as well as those in [6], are for contiguous allocation only multiples of 20 MHz.  The study item should thus determine the transmission bandwidth configurations, i.e., the maximum number of resource blocks that can be supported for the channel bandwidths for these scenarios. 
LTE-Advanced could not reasonably be designed such that every possible block assignment would be covered. This is already the case for Rel-8, where operators’ spectrum assets not always ideally match with the supported channel bandwidths. Hence, the feasibility study for transmission bandwidth configurations of the component carriers is based on a few channel bandwidths and is not associated with every potential block assignment in various countries. This is reflected in [p. 2, 6]; “A key principle of the assignment guidelines is that even though a technology specific channelisation scheme is expected to operate within an assigned block, this channelisation is not the basis for the assignment process.” Since the block assignments will be different around the world, and many of them are not yet decided, the only feasible way to conduct the study item is on the agreed scenarios which are meant to capture potential and typical use cases for carrier aggregation.
In [8] it was argued that the agreed scenarios might not be appropriate for the particular European situation in 3.4-3.6 GHz spectrum and much focus was on that exactly nx20 MHz is not always allocated. It should first be clarified that the usability of a carrier with >100 RBs is not conditioned on existence of an nx20 MHz channel. In Table 5.1.8-1 of [9], many block sizes were 21 MHz, making up to 84 MHz DL allocation possible. In this case, there is still no problem of using 4x108 RB carriers, and in fact it would even be possible to use 4x110 RB carriers and still leave >1 MHz of guard band. Moreover, in the agreed scenarios [6], there are also a few FDD cases including 2x20 MHz contiguous aggregation
. The closest block size in this band would thus be 2x42 MHz paired spectrum (see also [p. 8, 6]). In a 42 MHz channel, a carrier with extra RBs is therefore indeed highly applicable and it is possible to use 2x108 RB carriers and leave 1.5225 MHz guard band. Similarly for a 3x21 MHz channel, it would be feasible to use 3x108 RB carriers and still leave >1 MHz guard band. 
Thus, even if block sizes are not multiples of 20 MHz, e.g., being multiples of 21 MHz, there are clear use cases for a 108 RB carrier and the gains in spectrum utilization (and even more for throughput) compared to using 100 RB carriers are evident. In fact, the spectrum utilization in 42 or 84 MHz channels would with 100 RB carriers only, be much lower than that of Rel-8, which is unacceptable considering a high-end throughput technology such as carrier aggregation and that LTE-Advanced should be an improvement. 
Moreover, in principle it would not be necessary that all aggregated component carriers have the same transmission bandwidth. Thus carriers of, say 108 RBs, could be combined with different number of 100 RB carriers to match a particular block size. For example in a 40 MHz channel, it would be feasible to use 1x100 and 1x108 RB carrier and leave 1.1825 MHz guard band. Thus one could avoid introducing, e.g., a 104 RB carrier and the corresponding 2x104 RB carrier configuration. The use cases of a carrier with >100 RBs is thus clear, both with regards to the agreed scenarios [4][6] and any potential future unknown block allocations.
It should also be noted from the guidelines [p. 8, 6] that; “…if the requirement for broader channels would be envisaged, this may require block sizes of up to 50/60 MHz x2 paired or 100/120 MHz unpaired.”  Among the RAN4 scenarios are also two 100 MHz TDD cases, which definitely are use cases for carriers >100 RBs. In addition, in some regions there are other bands discussed [10], 3.4-4.2 GHz and 4.4-4.9 GHz, where it is particularly emphasized that; “Thus, the feasibility studies for LTE-Advanced deployment scenarios using wider transmission bandwidths, e.g., scenario #1 (Single band contiguous allocation @ 3.5 GHz band for FDD (UL:40 MHz, DL: 80 MHz)), will be essential for implementation of IMT in the above frequency bands.”  This further validates the importance of maximizing the spectrum utilization, of which a >100 RB component carrier is the better solution.
In conclusion, considering the agreed scenarios and the additional use cases discussed above, RAN WG4 should consider component carrier with >100 RBs and the most suitable value seems to be 108 RBs.
4  Value of a resource block
Spectrum utilization is a basic measure and may for a fixed channel bandwidth be used to compare different schemes. From this point of view it was clearly shown that using component carriers with >100 RBs is better than aggregating additional narrowband carriers [11]. 
However, the end-performance is captured by the absolute throughput, which is the decisive criterion for comparing performance. Since the extra RBs that can be appended to a carrier are dedicated to LTE-Advanced, they may not need to carry control channels (see also [12]) and therefore also no Rel-8 CRS.  One therefore also needs to evaluate the absolute contribution of each RB to the throughput for different schemes, not only the relative spectrum utilization. 
To asses this, the maximum throughput in the DL from one LTE-Advanced RB pair, assuming 8x8 MIMO, code rate 1, 64QAM, no CRS or control channel, can be calculated as
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where the overhead figures for the new LTE-Advanced reference signals, CSI-RS and DMRS, are taken from the agreed baseline [13]. This can be compared with a RB pair including CRS (assuming only 2 CRSs) and PDCCH (assuming control region is 1 symbol), 
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In this case, the RBs have to support LTE accessibility, otherwise the carrier would be non-backwards compatible, which implies that control channels and CRS must be present. Thus the value of an LTE-Advanced RB pair is 
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 and offers an increased throughput of 1.14 Mbps. For Rel-8 4x4 MIMO, the maximum throughput per RB pair becomes
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and the value of an LTE-Advanced RB pair is 
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 more than that of a Rel-8 RB pair. 
To put these number in a context, for Scenario A, with 4x108 RB carriers the increase in maximum cell throughput compared to 4x100 RB carriers, could be as large as 218.6 Mbps, which is comparable to a whole 15 MHz LTE Rel-8 carrier with 4x4 MIMO. 
It should be noted that the above figures only describe the maximum throughput. However, the dedicated LTE-Advanced RBs do not need to contain P/S-SCH, PBCH or RBs in the PDSCH carrying the BCCH, while this overhead must be included in some of the Rel-8 RBs. Thus the number of RBs that could be used for PDSCH is in practise smaller for the regular system and the relative gain of dedicated LTE-Advanced RBs will be even larger than the above figures. 
Insertion of narrowband carriers goes in the completely other direction by adding RBs with more overhead, as each carrier contains its own control channels.

In conclusion, additional RBs for LTE-Advanced offer reduced overhead and therefore contribute with significantly more throughput than insertion of RBs through additional narrowband component carriers.     
5 Solutions for contiguous carrier aggregation
Carrier aggregation is mainly a feature aimed at providing very high throughput and since the complexity mainly stems from adding more carriers, the capability of each carrier should be maximally utilized first. In light of this, providing more RBs per carrier and should be prioritized. Adding additional narrowband carriers leads to inferior performance since the spectrum utilization is lower, it introduces additional overhead, offers lower throughput (also per Sec. 4) and is associated with a number of other drawbacks and inefficient operation of the system [11][12]. Thereto its applicability would be small if the usage of narrowband carriers is limited to same few frequency bands where it is currently supported, see Table 5.6.1-1 in [14]. It is also questionable if narrowband Rel-8 carriers should be supported in new frequency bands if such bands anyway target broadband services, including carrier aggregation techniques.
There have been a number of studies of using >100 RBs per carrier for both DL [3][12][17][18] and UL [15][16][19][12]. For channel bandwidths 80 and 100 MHz, it is possible to deploy 108 RB carriers and still obtain larger guard band than in Rel-8. The results in [3][12][17][18] confirm that there is no issue with the spectrum shaping subject to the EVM constraints. A 2x108 RB carrier configuration may also be used in 40 MHz with tighter filtering [18], assuming the current 20 MHz spectral mask should be met. 
The UL was studied in [12], finding no issues with spectrum shaping subject to EVM constraints. In [16], the 5x20 MHz UL with 108 RB carriers was studied and it was found that the spurious emission requirements appear to be the limiting factor for the UE TX power. The 2x20 MHz UL using 108 RB carriers was studied in [19] showing that tighter transmit filtering may be needed, which is in analogy to the DL result [18]. 

Hence, to this point there has not been any technical issue found that would cause the usage of >100 RB carriers infeasible. If the concern is too small a guard band for the 40 MHz case, one could consider scheduling restrictions, max TX power restrictions or deployment with 1x100 and 1x108 RB carrier. It should also not be precluded to use 100 RB carriers in UL along with a number of 108 RB carriers in DL, as asymmetric UL/DL bandwidths could be supported in future releases.   
In conclusion, no major technical issue with >100 RB carriers has been found.
6 Impact on RAN4 RF requirements
For contiguous carrier aggregation, it has been verified [18] that the three important RF requirements: EVM, ACLR, and out-of-band emission, can be well met following the specification for the LTE 20 MHz system, covering all the aggregation scenarios including 2x20MHz, 4x20MHz, and 5x20MHz. In [12], it is shown too that 108 RB carrier is feasible from the perspective of emissions and EVM performance. Since the guardband can be kept at least as large as in Rel-8, it seems possible to reuse much of the LTE RF requirements. Since most TX and RX requirements are specified with respect to the channel edge and thus can be easily reused, we do not see considerable work is needed or the current specification would become much more complicated, apart from the necessary changes to transmission bandwidth configuration. On the other hand, we do not see that adding additional narrowband carriers would offer any significant relaxation for handling RF requirements considering the number of carriers is larger and that multiple carrier combinations seem needed. 
In [20] coexistence studies for LTE-Advanced deployment scenarios with contiguous 2x20 MHz CC were conducted. It was concluded that there is no considerable difference between the coexistence performance of LTE-A / LTE deployment scenario and that of LTE / LTE deployment scenario for ACIR figures of interest. Similar or better results can be expected if compact carrier placement is considered with >100 RB carriers. 
In conclusion, it is feasible to reuse most Rel-8 RF requirements for both TX and RX.
7  Conclusion
In this contribution, we provided further analysis of the aspects related to component carriers with more than 100 RBs and a further comparison with the second alternative, i.e., the use of additional narrowband component carriers.  In summary we find that:

· Component carriers with compact carrier spacing and transmission bandwidth configurations >100 RBs are accessible to Rel-8 UEs and therefore backwards compatible.

· Additional RBs for LTE-Advanced can offer reduced overhead and therefore contribute with significantly more throughput than insertion of RBs through additional narrowband component carriers.

· No major technical issue with >100 RB component carriers has been found and it is feasible to reuse most Rel-8 RF requirements for both TX and RX for such component carriers   

· Considering the agreed scenarios and the additional use cases discussed above, RAN WG4 should consider component carrier with >100 RBs and the most suitable value seems to be 108 RBs.

Therefore, it is suggested that RAN4 considers component carriers with 108 RBs for contiguous carrier aggregation. 
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� This includes: Scenario 1 UL, Scenario 4 DL, Scenario 6 UL/DL, Scenario 10 UL/DL and Scenario 11 DL.


� If 4 CRSs are assumed the gain is � EMBED Equation.3  ���.


� With a control region of 2 symbols, the gain is � EMBED Equation.3  ���
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