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1
Introduction
In the last RAN4 meeting, 1CC transmission in a TTI for uplink inter-band carrier aggregation was proposed in order to obtain the UL CA gain without additional insertion loss/ restriction in early stages [1]. Although, benefits were also shown in [1], this document attempts to elaborate the benefits of introducing the 1CC transmission method for further. The way forward to study among concerned WGs is also proposed.
2
UL CA operation alternatives
Even in Rel.11, the realistic number of aggregated CCs would be two in inter-band CA cases. In the case that UE is configured with 2 CCs, the following UL operations can be considered:

· 2 CCs simultaneous transmission in a TTI

· UE is required to transmit on 2 CCs in a TTI simultaneously. This is understood as a basic UL CA operation achieving higher peak throughput.

· In order to support simultaneous transmission in a TTI, there are some problems which must be solved. e.g. inter-modulation (IM) problems.

· For Some of CA band combinations large additional insertion loss and/ or large power reduction in suppressing IM may be required to satisfy the regulatory requirements.

· This implies that coverage may be shrunk even if UE is not configured with CA.

· 1 CC transmission in a TTI

· UE transmit on only 1CC in a TTI. Uplink load balancing and traffic offloading can be realised flexibly in TTI granularity.

· This advantage is applicable to not only the Hetnet deployment (CA scenario #4), but also the site reuse deployments (CA scenario #1, #2 and #3).

· The drawback is that peak throughput can not be increased compared to LTE.
· The same UE architecture as DL inter-band CA (1UL) can be re-used by 1CC transmission in a TTI.
· Inter-modulation problem is not occurred.

· UE power consumption can also be reduced by using 1CC UL resources only.

· 1CC transmission can avoid the coverage shrink by no additional insertion loss compared to DL inter-band CA.

· Drawbacks of L1 control signalling aspects are not foreseen.
· PDCCH overhead is not increased.
· UCI can be transmitted by either PUCCH on PCell or PUSCH piggy back on SCell as shown in Fig.1 [1].

From the above analysis, 1CC transmission in a TTI can bring benefits to all CA deployment scenarios in earlier stages without coverage shrink. Note that 2CC transmission scheme is not precluded in our proposal. Our proposal is also intended to migrate to 2CC uplink simultaneous transmission in the future when it can be done without coverage shrink. 
To introduce 1CC transmission in a TTI scheme, the following issues need to be consulted by other WGs.

· UE Capability signalling (RAN2)

· UE should be able to inform the eNB of the capability of the 1CC uplink transmission, so that the eNB can schedule an UL grant on 1CC in a TTI.
· UL partial overlapping transmission in multiple TA (RAN1)
· In multiple TA operation, UL partial overlapping transmission will be happen as well as 2CC UL CA, while 1CC UL CA capable UE can transmit by using a CC only. However, the solution discussed in RAN1, e.g. dropping the OFDM symbol on partial overlapping subframe, power scaling, etc. can also cover the 1CC transmission case.
· Error handling (RAN1/ 2 )
· The 1CC UL CA capable UE may receive multiple UL grants on CCs simultaneously. An example is PDCCH false alarm. The need of UE behaviour for this error case should be discussed. If felt as necessary, how the UE handles multiple UL grants received in a TTI should also be discussed.

3
Way forward
In order to introduce 1 CC transmission scheme in a TTI for uplink inter-band CA, UE needs to inform about supported transmission scheme, 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 UE capability signalling.
· Additional signalling to introduce 1CC UL CA capability (in RAN2)

· UL partial overlapping transmission in multiple TA (in RAN1)

· Error handling  (in RAN1/ 2)
· RAN4 needs to discuss how to specify 1CC transmission scheme.
· RAN4 should discuss these requirements based on DL only inter-band CA requirements.
And draft LS was provided in [3].
4
Conclusion
This contribution discussed the benefits of 1CC uplink inter-band CA solution, and our proposals are summarized as below:
· To introduce 2CC simultaneous transmission, inter-modulation problem must be solved and this problem is not related to only RF component/ requirements but also antenna components. However, in 1CC transmission, inter-modulation problem is not happened.
· To introduce 1CC uplink inter-band CA, some issues should be solved, e.g. UL partial overlapping and the need of error handling (PDCCH false alarm). But they are not fatal problem and RAN4 should send the LS to RAN1/2 as soon as possible in order to discuss in RAN1/2.
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