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1. Introduction
An UL CA operation alternative, 1CC transmission in a TTI has been discussed in the recent RAN4 meetings [1]. To introduce 1CC transmission in a TTI, RAN2 specification impacts are foreseen [1]. Therefore, this paper attempts to discuss the benefits of the 1CC transmission scheme in RAN2. 
NOTE 1:
Hereinafter, 1CC transmission in a TTI is called “Time-Switched UL CA” for simplicity.

NOTE 2:
Same contribution is also submitted to RAN4 #64.
2. Discussion
At first, the benefits of UL CA over single carrier UL operations, i.e., UL PCC only are explained. Then, UL CA operation alternatives are discussed.
2.1. Benefits of UL CA
In the HetNet deployment, small cells can be mainly used for U-plane data transmission. In case macro and small cells are served by different carriers, the following benefits can be envisaged:
· NW capacity increase
User throughput in average can be increased in the heavy traffic area by distributing UL traffic between the macro and small cells.
· UL interference mitigation

UL interference between the macro and small cells can be avoided, as they are served by different carriers.
· UE power saving
UE power consumption can be reduced, as UL pathloss in the small cell is typically smaller than in the macro cell.
In fact, these benefits can be obtained without UL CA, i.e., by configuring a small cell as PCell. However, the following additional benefit can be envisaged if UL CA is applied:
· Same mobility performance as in the macro only network.

By keeping PCell in the macro cell layer, mobility can be served on carriers serving macro cells. Namely, handover takes place between the macro cells, but does not between the macro and small cells. Therefore, mobility performance can be kept as in the existing macro only network. 
If handover between the macro and small cells are required for PCell change, the same mobility performance would not be expected. According to the discussion under the HetNet SI [2], it was observed that:
· Mobility performance in HetNets is not as good as in the macro only network.
· For low mobility UE (less than 30km/h), no significant problems have been observed.
· The number of handover failure/ UE/ s increases with the number of deployed small cells (full buffer model).
Although the study was assumed for the co-channel deployment where the macro and small cells are served by the same carrier, the observations could be applied to the separate carrier deployment. Furthermore, inter-frequency measurements typically takes longer time depending on the number of carriers to be measured [3]. Such the longer measurement time would delay Handover initiation and increase handover failure. 
It might be argued that there is no significant issue if handover failure rate is not increased considerably even though the number of handover failure is increased due to deployed small cells. However, what is visible to users is not the failure rate, but the increased handover failure. For voice service, it would be more noticeable. Therefore, the benefits of the HetNet deployment should be realised together with the same mobility performance as in the macro only network. This requirement can be satisfied by introducing UL CA.
2.2. Issue on UL CA operation
UL CA has an advantage of achieving higher peak throughput by transmitting on multiple CCs in a TTI simultaneously. However, there would be some challenging issues to be resolved, e.g., inter-modulation (IM) by simultaneous transmission on multiple CCs. For some CA band combinations, if IM occurs in the spectrum range of the other system, IM between CCs has to suppressed somehow. Furthermore in order to ensure UE performance, some RF requirements should be specified, e.g. blocking on simultaneous transmission. Future advanced RF technologies might enable simultaneous multiple CC transmission. When such the RF enhancement is available in the market is however unclear. To overcome so far, the following alternatives for UL CA operations can be considered:
Alternative 1:

Additional insertion loss compared to DL only CA
Additional insertion loss is applied to suppress IM and take care some RF performance requirements, e.g. blocking. For instance, additional RF filter is inserted into UE RF components. This additional insertion loss is also applied to non-CA operations. Therefore, this sub-alternative would result in shrinking UL coverage even if UE is not configured with CA.
Alternative 2:

Power reduction in case of simultaneous transmission

Additional power reduction (A-MPR) is applied if UE transmits on multiple CCs in a TTI simultaneously. With this sub-alternative, UL coverage will not be shrunk in non-CA operation. However, the area where UE can simultaneously transmits on 2CCs will be shrunk. In addition, this solution would be unclear to resolve some issues, e.g. blocking, on simultaneous transmission.
Alternative 3:

1CC transmission in a TTI (Time-Switched UL CA)
UE is required to transmit on only 1CC in a TTI as illustrated in Fig.1. In this solution, UE does not transmit on multiple CCs in a TTI, so that there are no issues related to the simultaneous transmission. UE supporting this alternative is not capable to perform multiple UL transmissions on multiple CCs simultaneously. eNB has to grant UL resources to the Time-Switched UL CA capable UE on either PCC or SCC in a TTI. UL interference mitigation and UE power saving can also be achieved by using 1CC in a TTI. Furthermore, the same UE RF architecture as for DL inter-band CA (e.g., 1UL RF and 2DL RF) can be reused. This will make it easier to introduce UL inter-band CA in earlier stage. Although peak throughput cannot be increased with this alternative, UL coverage can be kept as it is. To keep this principle, UCI is piggybacked with PUSCH on SCC, if PUCCH resource allocation coincides with UL grant on SCC. As such, simultaneous PUCCH and PUSCH transmission between CCs is not applied. The benefit of UL CA in the HetNet deployment as explained previously can still be obtained, as UL resource on 1CC in a TTI is sufficient to increase NW capacity. Additionally, to switch RF components between CCs, interruption time would be needed for both DL and UL, e.g. 1 msec.  The interruption time by RF switching should be clarified in RAN4.
Table 1 summarises comparison among alternatives. Time-Switched UL CA can bring benefits to the HetNet deployment in early stage without coverage shrink. Therefore, the following is proposed:

Proposal:


Time-Switched UL CA should be introduced in the standard in Rel-11.

It should be noted that introducing Time-Switched UL CA does not preclude the 2CC simultaneous transmission scheme. Instead, our proposal is intended to migrate to the 2CC simultaneous transmission scheme in future when it can be done without coverage shrink.
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Fig.1
Time-Switched UL CA.

Table 1
Alternative UL CA operations for the IM issue.

	#
	Alt.1: Additional insertion loss
	Alt.2: Power reduction in case of simultaneous transmission
	Alt.3: 1CC transmission in a TTI (Time-Switched UL CA) 

	Coverage
	Single carrier transmission
	

UL coverage shrunk
	

UL coverage kept as DL inter-band CA
	

UL coverage kept as DL inter-band CA

	
	Simultaneous transmission
	

UL coverage shrunk
	
UL coverage shrunk might be shrunk depending on required power reduction
	N.A

	Peak rate
	

Higher peak rate achieved
	

Higher peak rate achieved
	

Same as non-CA

	RF architecture
	

2 UL RF required
	

2 UL RF required but Diplexer architecture could be re-used
	

Same as DL inter-band CA architecture


3. Summary and proposal
This paper discussed the benefits of introducing Time-Switched UL CA. In conclusion, the following was proposed:
Proposal:

Time-Switched UL CA should be introduced in the standard in Rel-11.
If the proposal is agreed, the specification impacts of introducing Time-Switched UL CA should also be discussed. The analysis of the specification impacts are also provided at this meeting in [4].
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