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1. Introduction
There are already a lot of discussions regarding to additional carrier types in Rel-10 from RAN1#57b to RAN1#60bis.  Due to RAN4’s work load and different views on the necessity of additional carrier types in RAN1, Rel-10 only includes normal carrier in the feature of carrier aggregation and it was suggested to reconsider the benefits and necessity  of additional carrier types in Rel-11.  In the WID of LTE CA enhancements [1], there is one scope regarding to the further study on additional carrier types.

“Study additional carrier types including non-backwards compatible elements for Carrier Aggregation. A way forward for additional carrier types and related details will be decided based on tradeoff analyses where deployment scenarios, benefits, drawbacks and work item time line are carefully considered from the perspectives of all the RAN WGs.”
According to previous discussion in RAN1, there are two possible new carrier types, one is carrier segment; the other is extension carrier.  This document discusses and evaluates the claimed benefits of these two carrier types from three aspects, control overhead, reference signal overhead and use cases, and tries to figure out whether there is necessity to include these two carrier types in Rel-11 carrier aggregation.


2. Evaluation of Additional Carrier Types
2.1 Extension Carrier and Carrier Segment
According to previous discussion in Rel-10 carrier aggregation, the properties of carrier segment and extension carrier are summarized as follows.
Table 2-1 Definition and properties of extension carrier and carrier segment
	Carrier Type
	Extension Carrier
	Carrier Segment

	Definition
	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.
	Carrier segments, if specified, are defined as the bandwidth extensions of a Rel-8 compatible component carrier (<110RBs) and constitute a mechanism to fully utilize frequency resources in an efficient and backwards compatible way complementing carrier aggregation means. 
The notion of a carrier segment allows for arbitrary resource block aggregation within one component carrier, retaining the backward compatibility in the part of the composite component carrier bandwidth. Carrier segments are always linked to one component carrier and can not be stand-alone.
They do not provide synchronization signals, system information or paging, and therefore can not be used for random access or UE camping.

	Properties
	· Supported by carrier aggregation
· Non-backward compatible carrier
· Transmission bandwidth is at least from the rest of existing values, i.e., {6, 15, 25, 50, 75, 100} RBs
· The sum of backward compatible component carrier and extension carrier can be more than 110 RBs
· Separate PDCCH indicates the RBs defined within the extension carrier
· It is FFS whether the linkage between backward compatible component carrier and extension carrier is per UE
· Separate HARQ process running within an extension carrier
· Backward compatible component carrier (to which the extension carrier is linked to) and the extension carrier can be configured with different transmission modes
· Extension carriers configuration without CRS is FFS
· Extension carriers can be configured as contiguous or as non-contiguous to the backward compatible component carrier they are linked to
· Extension carriers can be configured to be for data traffic only
· Guard subcarriers may be required
	· Not necessary to have carrier aggregation
· Used to enable additional transmission bandwidths beyond the set of Rel-8 values, i.e., {6, 15, 25, 50, 75, 100} RBs but no more than 110 RBs
· The sum of backward compatible component carrier and segment(s) shall be no more than 110 RBs and configurations with sum of backward compatible component carrier and segment(s) over 110 RBs are FFS
· One PDCCH indicates the RBs allocated in the sum of backward compatible carrier and segment(s)
· One HARQ process for the sum of backward compatible carrier and segment(s)
· Backward compatible component carrier and segment(s) use the same transmission mode
· Segments configuration without CRS is FFS
· Segments are contiguous to the component carrier they are associated with
· Only for data traffic
· No guard subcarriers are required


2.2 Evaluation on Control Overhead Reduction

According to table 2-1, both extension carrier and carrier segment may not include any control channel inside so control overhead reduction is one of the claimed benefits to have this kind of new carrier type.  The following table tries to calculate possible control overhead saved by introducing new carrier type when different carrier bandwidths are applied.
Table 2-2 Control overhead saving by introducing extension carrier/carrier segment

	Channel Bandwidth
	6 RBs
	15 RBs
	25 RBs
	50 RBs
	75 RBs
	100 RBs

	Total REs
	10080
	25200
	42000
	84000
	126000
	168000

	PSS/SSS
	288
(2.86%)
	288
(1.14%)
	288
(0.69%)
	288
(0.34%)
	288
(0.23%)
	288
(0.17%)

	PBCH
	264
(2.62%)
	264
(1.05%)
	264
(0.63%)
	264
(0.31%)
	264
(0.21%)
	264
(0.16%)

	PCFICH/

PHICH/

PDCCH

(1 symbol & 2 Tx)
	480
(4.76%)
	1200
(4.76%)
	2000
(4.76%)
	4000
(4.76%)
	6000
(4.76%)
	8000
(4.76%)

	PCFICH/

PHICH/

PDCCH

(2 symbol & 2 Tx)
	1200
(11.90%)
	3000
(11.90%)
	5000
(11.90%)
	10000
(11.90%)
	15000
(11.90%)
	20000
(11.90%)

	Total Saving for 1-symbol control region
	1032
(10.24%)
	1752
(6.95%)
	2552
(6.08%)
	4552
(5.42%)
	6552
(5.20%)
	8552
(5.09%)

	Total Saving for 2-symbol control region
	1752
(17.38%)
	3552
(14.09%)
	5552

(13.21%)
	10552
(12.56%)
	15552
(12.34%)
	20552
(12.23%)


For carrier segment, since there is only one DCI needed for both parts of normal carrier and carrier segment, there is almost no additional control overhead increase in normal carrier.  In other words, the total control overhead saving can be upto 17.38% for carrier segment when 2-symbol control region is considered in each subframe.  For extension carrier, since it requires different DCIs for two different parts, there may be additional control overhead increase in normal carrier if the extension carrier is configured not to have control region in each subframe.  In other words, the total control overhead saving for extension carrier should be smaller than that in carrier segment because the overhead increase in normal carrier should be taken into count.
Observation #1:  There is not much control overhead saving in PSS/SSS and PBCH, especially for large channel bandwidth, but there is significant control overhead saving if 2-symbol or larger control region for PCFICH, PHICH and PDCCH is considered.  
Observation #2:  For carrier segment, the total control overhead saving is at least 5% if 2 transmission antenn ports is considered.

Observation #3:  For extension carrier, the total control overhead saving can be less than 5% due to possible control overhead increase in normal carrier.
2.3 Evaluation on Reference Signal Overhead Reduction

Since extension carrier and carrier segment are new carrier types, CRS can be removed from this kind of carrier type to reduce possible overhead for reference signals and a more efficient transmission scheme (Ex: TM9) can be applied for data traffic.  However, CRS may be needed for the control region in extension carrier because extension carrier can be configured to have control region for PCHICH, PHICH and PDCCH in each subframe.  One way is to just keep CRS in the control region when there is control region configured.  The following table shows possible overhead saving due to CRS removal.
Table 2-3 Reference signal overhead saving by CRS removal in extension carrier/carrier segment
	Channel Bandwidth
	6 RBs
	15 RBs
	25 RBs
	50 RBs
	75 RBs
	100 RBs

	Total REs
	10080
	25200
	42000
	84000
	126000
	168000

	CRS saving
(1 Tx, all symbols)
	480
(4.76%)
	1200
(4.76%)
	2000
(4.76%)
	4000
(4.76%)
	6000
(4.76%)
	8000
(4.76%)

	CRS saving
(1 Tx, excluding CRS in the control region)
	360
(3.57%)
	900
(3.57%)
	1500
(3.57%)
	3000
(3.57%)
	4500
(3.57%)
	6000
(3.57%)

	CRS saving
(2 Tx, all symbols)
	960
(9.52%)
	2400
(9.52%)
	4000
(9.52%)
	8000
(9.52%)
	12000
(9.52%)
	16000
(9.52%)

	CRS saving
(2 Tx, excluding CRS in the control region)
	720
(7.14%)
	1800
(7.14%)
	3000
(7.14%)
	6000
(7.14%)
	9000
(7.14%)
	12000
(7.14%)

	CRS saving
(4 Tx, all symbols)
	1440
(14.29%)
	3600
(14.29%)
	6000
(14.29%)
	12000
(14.29%)
	18000
(14.29%)
	24000
(14.29%)

	CRS saving
(4 Tx, excluding CRS in the control region)
	960
(9.52%)
	2400
(9.52%)
	4000
(9.52%)
	8000
(9.52%)
	12000
(9.52%)
	16000
(9.52%)


Unlink extension carrier, carrier segment has to be configured with the same transmission mode as that of the linked normal carrier due to single DCI for both carrier types.  In other words, in subframes where CRS is used in the linked normal carrier, CRS can not be removed from carrier segment and thus carrier segment can not fully enjoy the reference signal overhead saving.

Observation #4:  For extension carrier, there is significant overhead saving (about 5~15%)  if it is configured with no CRS.

Observation #5:  For carrier segment, it can not enjoy the reference signal overhead saving if its linked normal carrier is configured with transmission mode using CRS.

2.4 Evaluation of Possible Throughput Gain
Below, the total overhead saving, including both control and CRS overhead, of five possible scenarios are evaluated.  The number shown as follows is just based on the calculation of physical resource overhead saving.  More accurate throughput gain should be further evaluated by simulation.
Scenario #1: One is normal carrier; the other is carrier segment
· Two transmission antennas are considered; the channel bandwidths of both normal carrier and carrier segment are the same
· The normal carrier has 1-symbol PDCCH
· The scheduling for carrier segment does not introduce additional OFDM symbols for PDCCH in the linked normal carrier
· NO PSS/SSS, PBCH, CRS, PDCCH in carrier segment
· Throughput gain: {9.88%, 8.24%, 7.80%, 7.47%, 7.36%, 7.31%} for {6, 15, 25, 50, 75, 100} RBs, respectively (calculated by total overhead saving in percentage / 2)
Scenario #2: One is normal carrier; the other is carrier segment
· Two transmission antennas are considered; the channel bandwidths of both normal carrier and carrier segment are the same
· The normal carrier has 1-symbol PDCCH
· The scheduling for carrier segment does not introduce additional OFDM symbols for PDCCH in the linked normal carrier
· NO PSS/SSS, PBCH, PDCCH in carrier segment
· Throughput gain: {5.12%, 3.48%, 3.04%, 2.71%, 2.60%, 2.55%} for {6, 15, 25, 50, 75, 100} RBs, respectively (calculated by total overhead saving in percentage / 2)
Scenario #3: One is normal carrier; the other is extension carrier
· Two transmission antennas are considered; the channel bandwidths of both normal carrier and carrier segment are the same
· The normal carrier has 2-symbol PDCCH
· The scheduling for extension carrier introduces additional one OFDM symbol for PDCCH in the linked normal carrier
· NO PSS/SSS, PBCH, CRS, PDCCH in extension carrier
· Throughput gain: {7.50%, 5.86%, 5.42%, 5.09%, 4.87%, 4.93%} for {6, 15, 25, 50, 75, 100} RBs, respectively (calculated by total overhead saving in percentage / 2)
Scenario #4: One is normal carrier; the other is extension carrier
· Two transmission antennas are considered; the channel bandwidths of both normal carrier and carrier segment are the same
· The normal carrier has 2-symbol PDCCH
· The scheduling for extension carrier introduces additional one OFDM symbol for PDCCH in the linked normal carrier
· NO PSS/SSS, PBCH, PDCCH in extension carrier
· Throughput gain: {2.74%, 1.10%, 0.66%, 0.33%, 0.22%, 0.17%} for {6, 15, 25, 50, 75, 100} RBs, respectively (calculated by total overhead saving in percentage / 2)
Scenario #5: One is normal carrier; the other is extension carrier
· Two transmission antennas are considered; the channel bandwidths of both normal carrier and carrier segment are the same
· The normal carrier has 2-symbol PDCCH
· The scheduling for extension carrier introduces additional one OFDM symbol for PDCCH in the linked normal carrier
· NO PSS/SSS, PBCH, PDCCH in extension carrier
· ONLY reserve CRS in first 3 symbols of each subframe in extension carrier
· Throughput gain: {6.31%, 4.67%, 4.23%, 3.90%, 3.79%, 3.74%} for {6, 15, 25, 50, 75, 100} RBs, respectively (calculated by total overhead saving in percentage / 2)
Observation #6:  For carrier segment, there is at least 2.55%  system throughput gain even  if there is CRS.
Observation #7:  For extension carrier, there is almost no system throughput gain if there is CRS but there is at least 3.74% system  throughput gain if CRS for data channel can be removed.
Observation #8:  The system throughput gain due to introduction of extension carrier/carrier segment decreases when the channel bandwidth increases.
2.5 Use Cases of Additional Carrier Types
There are three possible use cases of additional carrier types in our views – support of CA-based eICIC, smooth transition from CRS-based system to DRS/CSI-RS based system, and support of non-licensing/white-spaces band utilization.

Figure 2-1 CA-based eICIC with the support of extension carrier/carrier segment
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Support of CA-based eICIC:

Another possible use case of extension carrier/carrier segment is for the support of CA-based eICIC.  Due to data-only property, extension carrier/carrier segment can be used for CA-based eICIC with benefits.  Figure 2-1 illustrates one of possible application scenarios. With data-only property, Rel-8/9 FDM ICIC can be applied to reduce possible interference between macrocell and picocell, especially for PSS/SSS, PBCH and paging channel while subcarrier muting can be applied for PDCCH and reference signals.  Compared to CA-based eICIC with normal carriers, where the issues of the interference of PSS/SSS, PBCH and CRS requires additional designs, such as subframe shifting or symbol shifting to resolve, the solutions using extension carrier/carrier segment is relatively simple and effective for both FDD and TDD systems.  For this use case, carrier segment may be able to save more control overheand but extension carrier can provide better deployment flexibility in non-contiguous frequency bands.
Smooth transition from CRS-based system to DRS/CSI-RS based system:

From the evaluation in subsection 2.3, CRS overhead for more than 2 antenna ports is significant, especially when there is DRS/CSI-RS as well.  In Rel-10, it requires to utilize DRS for data demodulation and CSI-RS for CSI measurements in transmission mode 9.  It means there may be CRS, DRS and CSI-RS appearing in the same subframe though it can be avoided by utilizing MBSFN subframes.  However, this TDM method only works in part of subframes (subframe #1, #2, #3, #6, #7, #8).  With additional carrier type where CRS can be removed, further data transmission efficiency and scheduling flexibility can be obtained if there are more and more Rel-10 or above UEs.  For example, Pcell is a normal carrier and Scell is an extension carrier, where all or part of subframes can be configured as no-CRS carrier for Rel-10 or above UEs based on the loading.  For this use case, extension carrier is better than carrier segment because extension carrier deosn’t require the same TM as that in the linked normal carrier.
Support of non-licensing or white-spaces band utilization:

To further exploit the spectrum efficiency, some frequency bands which inherently has higher interference level or are newly released may also be utilized for LTE data transmission such as non-licensing band or white-spaces.  With additional carrier type which can be configured as a data-only carrier, it would be easier for the system to utilize these spectrum because the networks can dynamically schedule data transmission on the carriers in these frequency bands based on current system loading and the interference level inside them.  For this use case, extension carrier provides better flexibility than carrier segment because extension carrier does not require to be contiguous to the normal carrier.


3. Conclusion

In this document, we try to analyze and evaluate possible benefits to introduce additional carrier type in Rel-11 carrier aggregation.  Based on the evaluation, considering two component carriers, there is around 3.74% ~ 9.88% system throughput gain depending on different scenarios if the removal of CRS in extension carrier/carrier segment is possible but the throughput gain decreases when the channel bandwidth of both component carriers grows.  There are also benfits to apply extension carrier/carrier segment for three possible use cases – the support of CA-based ICIC, smooth transition from CRS-based system to DRS/CSI-RS based system, and support of non-licensing/white-spaces band utilization.  From the perspective of overhead saving, there is no strong motivation to introduce extension carrier/carrier segment in Rel-11 carrier aggregation since there is not significant system throughput gain from the discussion in previous section.  However, from the perspective of discussed use cases, extension carrier seems very useful.  The conclusion of this document is summarized as follows.
Conclusion #1:  There is gain in throughput to have additional carrier type if the removal of CRS in extension carrier/carrier segment is possible but the gain decreases when the channel bandwidth increases.

Conclusion #2:  There are benefits to add additional carrier type for the support of CA-basede ICIC, smooth transition from CRS-based system to DRS/CSI-RS based system, and support of non-licencing or white-spaces band utilization.
Conclusion #3:  Extension carrier provides better flexibility in both scheduling and frequency band deployment.
Thus, we propose:

Proposal #1:  RAN1 is suggested to consider extension carrier as the additional carrier type supported in Rel-11.
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