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1. Introduction
This paper explains the motivation of working on UCI enhancements for the Rel-10/11 CA deployment proposed in [1].
2. Discussion and proposal
In Rel-10/11 CA, PUCCH is transmitted only on PCell. That is, all UCI corresponding to all configured CCs has to be delivered on the PCell resource. This constraint will not be significant in the deployment scenarios where the coverage is identical across the carriers (e.g., CA scenario #1 in TS 36.300) as shown in Fig1(a). On the other hand, If the number of small cells overlapping with the macro cell is increased in the heterogeneous deployment (e.g., CA scenario #4) as shown in Fig.1(b), PUCCH overhead on PCell becomes considerably significant. This is because the macro cell has to accommodate all UCI on the overlapping small cells configured as SCells. Assuming 10 small cells per a macro cell in CA scenario #4 and all UEs are configured with 2 DL CA, 40 % of PUCCH overhead is observed as shown in Table 1, while the PUCCH overhead is 20 % in the legacy deployment, i.e., the macro only deployment. Increased PUCCH overhead sacrifices PUSCH resource resulting in UL throughput degradation.
Furthermore, when PUCCH format 3 is used for UEs supporting more than 3 DL CA, the following challenging issues are envisaged:

· Increased PUCCH resources for format 3:
The number of ACK/NACK multiplexing in the same RB is up to 5 for format 3 while 18 for format 1b. Obviously, more RBs are consumed when more than 3 DL CA is introduced utilising PUCCH format 3.
· Increased ACK/NACK information exchange between base bands:

Given that ACK/NACK is delivered only on the PCell, it has to be exchanged between based bands which would have impact on eNB processing load.
In light of the above issues, the following is observed:
Observation:
When the number of small cells is increased and/or more than 3 DL CA is supported, challenging issues are envisages in terms of increased PUCCH overhead and eNB implementation complexity.

Therefore, the following is proposed:

Proposal:


UCI enhancements should be discussed and introduced as a CA enhancement in Rel-12.
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(a)
Scenario #1














(b)
Scenario #4

Fig.1
CA deployment scenarios (TS 36.300).

Table 1
PUCCH overhead due to the number of increased small cells
	#
	Number of small cells (SCells)
	Number of PUCCH RBs
	Number of RBs

	
	
	
	CQI
	SR
	A/N

	Legacy LTE cell deployment

(630 non DRX UE / sector)
	0
	10 (20 % overhead in 10 MHz bandwidth)
	5.3
	1.8
	2.3

	CA Scenario#4 cell deployment

(630 non DRX UE/ macro cell sector)
	10
	20 (40 % overhead in 10 MHz bandwidth)
	10.5
	1.8
	6.7
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Annex: Assumptions for PUCCH overhead analysis
	System bandwidth
	10 MHz

	Number of non-DRX UEs
	630 UEs (All UEs are configured with CA)

	HARQ ACK/NACK
	PUCCH format 1b with channel selection

	ACK/NACK multiplexing
	6 cyclic shifts x 3 orthogonal sequences = 18

	Number of scheduled UEs in a TTI on SCell
	4 (A/N resource for CA is derived as follows: PCell resource + number of small cells x (2x4)/18)

	CQI multiplexing
	6 cyclic shifts

	CQI/SR period
	20 ms

	CFI
	3


PAGE  
1

