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1. Introduction

In Rel-11, uplink inter-band CA becomes more realistic in Hetnet deployments, since required features, such as multiple timing advances are supposed to introduce [1]. In terms of UL CA operations, this paper attempts to provide another feature suitable for the Hetnet deployment.
2. Benefits of Hetnet deployments with CA
In the Hetnet deployment with CA (i.e., CA scenario #4 [2]) as shown in Figure 1, multiple pico cells a overlaid in a macro cell are deployed in a traffic configured area. Mobility is maintained through macro cell coverage while U-plane data is transmitted on a pico cell configured as SCell. In the Hetnet deployment with CA, the following benefits can be envisaged:
1. NW capacity in a heavy traffic area can be increased.
· This can be achieved by distributing traffic between a pico and a macro cell configured as SCell and PCell, respectively.
2. Uplink interference between a pico and a macro cell can be avoided.
· This is because an operating carrier is different between those cells.

3. Higher user throughput can be achieved in the heavy traffic area.

4. UE power consumption can be reduced.
· In Hetnets, UL pathloss in the pico cell is typically smaller than in the macro cell.
5. Coverage and mobilitiy performance can be kept as in the existing macro-cell network.

· This is because connectivity and Mobility is served on coverage bands by configuring a PCell among macro cells.
Therefore, an UL CA operation which can achieve or further increase the above benefits is desirable. 
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Figure 1  HetNet deployment with Carrier aggregation
3. UL CA operation alternatives
Even in Rel-11, the realistic number of aggregated CCs would be two. Assuming that UE is configured with 2 CCs, the following UL operations can be considered:

· 2CC simultaneous transmission in a TTI

UE is required to transmit on 2CCs in a TTI simultaneously. This is understood as a basic CA operation achieving higher peak throughput.
· 1CC transmission in a TTI
UE is required to transmit on only 1CC in a TTI as illustrated in Figure 2. The eNB grants UL resources to the 1CC transmission capable UE on either PCC or SCC in a TTI. To keep this principle, UCI is piggybacked with PUSCH on SCC, if their resource allocation coincides. As such, simultaneous PUCCH and PUSCH transmission between CCs is not applied.
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Figure 1  1CC uplink transmission in a TTI

  These 2 alternatives can be analyzed as shown in Table 1. 
The 2CC simultaneous transmission has an advantage of achieving 2 times higher peak throughput. However, in addition to UE architecture for DL inter-band CA, another feature or RF component may be needed to suppress inter-modulation between CCs. This would result in shrinking the UL coverage, since additional insertion loss and/ or reduced transmission power are incurred. RF component improvement is required to avoid the coverage shrink. Developping such an improved RF component will take a certain time. 
In contrast, the 1CC transmission can avoid the coverage shrink, since the same UE architecture as DL inter-band CA can be re-used. Hence, the 1CC transmission capable UE will be available earlier in the market. UE power consumption can also be reduced by using 1 UL CC only. The drawback is that peak throughput cannot be increased. From the viewpoint of user throughput and NW capacity, both alternatives can increase at the same degree. 
As discussed in section 2, the UL CA operation for the Hetnet should be able to provide the same coverage as in the existin macro-cel network and help to reduce UE power consumption. Higher peak throught may not be an decisive factor, since it may seldom be achieved in the heavy traffic area.
From the above observation, we propose the 1CC transmission scheme in a TTI for uplink inter-band CA to introduce UL inter-band CA in early stage, and the UE architecture and requirements for 1CC transmission should be defined based on DL inter-band CA architecture.
Proposal 1) 1 CC transmission scheme in a TTI for uplink inter-band CA should be specified to introduce UL inter-band CA in early stage.

Proposal 2) UE architecture/ requirements for 1CC transmission scheme should be defined based on DL inter-band CA architecture.
Table 1:  Alternative for uplink inter-band carrier aggregation

	#
	1 CC transmission in a TTI
	2CC simultaneous transmission in a TTI

	Overview
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	UE architecture
	No additional feature/ RF component compared to 1CC UL transmission
(same as DL inter-band CA architecture)

( No additional insertion loss for UL transmission

( Coverage can be kept as is
	Need additional feature/ RF component suppress inter-modulation etc.
( Additional insertion loss and/ or reduced transmission power would be introduced

( Corverage must be shrunk

	UL peak throughput
	Same as 1CC UL transmission
	2 times peak throughput than 1CC

	User throughput and NW capacity
	Both operations can increase capacity by load balancing between CCs.

User throughput in average would be the same in the veavy traffic area.

	Market availability
	Introducing in early stage on CA
	Need time to improve RF performance for introducing w/o coverage shrink

	UE power consumption
	Low
	High


4. Way forward for 1CC transmission in a TTI on Uplink inter-band CA
In order to introduce 1 CC transmission scheme in a TTI for uplink inter-band CA, UE needs to inform about supported transmission shceme, 1 CC uplink transmission or 2 CC uplink simultaneous transmission for UL inter-band CA. Additionally some feature may be needed to control UEs supporting 1 CC uplink transmission. 

Therefore,
· RAN4 needs to send an LS to RAN1/ 2 to ask the impact and to ask to introduce 1CC transmission scheme, i.e., additional capability signalling.

· RAN4 needs to discuss how to specify 1CC transmission sheme.

And draft LS was provided in [4].

5. Conclusion
This contribution discussed the 1CC transmission feature in a TTI on uplink inter-band carrier aggregation. 
Proposal 1) 1 CC transmission scheme in a TTI for uplink inter-band CA should be specified to introduce UL inter-band CA in early stage.
Proposal 2) UE architecture/ requirements for 1CC transmission scheme should be defined based on DL inter-band CA architecture.
As way forward,
· RAN4 needs to send an LS to RAN1/ 2 to ask the impact and to ask to introduce 1CC transmission scheme [4].

· RAN4 needs to discuss how to specify 1CC transmission sheme.
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