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1. Introduction
A WI on UCI enhancements for LTE CA had been proposed in the past TSG-RAN meetings [1]. When the WI on Dual Connectivity was developed, the main scope of the UCI enhancements, i.e., PUCCH on SCell, was included in the WI objective according to the RAN1 suggestion [2, 3]. From RAN1 perspective, specification work on PUCCH on SCell was nearing completion. Nevertheless, PUCCH on SCell was dropped from the Dual Connectivity WI due to the limited time schedule in Rel-12 [4]. 
We believe that PUCCH on SCell is a valuable feature and worthwhile introducing in Rel-13. This paper shows our motivation for the new work item “UCI enhancements for LTE Carrier Aggregation”.
2. Motivation
The use of carrier aggregation (CA) offers means to increase the peak data rates and throughput by aggregating multiple component carriers (CCs). This has been discovered during Rel.10 LTE CA work and has been enhanced during Rel.11 LTE CA enhancement work. So far, five CA deployment scenarios have been identified as in Annex A. Among various CA deployment scenarios, CA scenario #4 (non-co-located CA deployment) is the most attractive deployment, due to the following reasons.
· In co-located CA deployments (e.g., CA deployment scenario #1)

· Throughput gain is achieved only if the amount of DL traffic in the macro cell area is low so that the multiple CCs can serve a UE simultaneously. This implies that the co-located CA deployments with macro cell would not be effective to achieve local area throughput increase in a high traffic region.
· In non-co-located CA deployment (i.e., CA deployment scenario #4)

· Throughput gain is achieved even if the amount of DL traffic in the macro cell area is high, since a cell-splitting gain is achievable in the small cell layer.

· Each small cell is used for a relatively smaller number of UEs in a hotspot area to “boost” local area/UE throughput.

· Multiple small cells operated under the same carrier can be deployed in the same macro cell area. Increased number of small cells within the macro cell area further improves the capacity in the area.
· Mobility robustness is achieved and higher QoS services are served by the macro cell layer by keeping the macro cell as the PCell.

· As a result, the actual deployment of small cell equipment like RRH can be relaxed, which reduces the cost and/or cell deployment planning/optimization effort.
· HO parameters, antenna tilt, transmission power, and/or RACH parameters, can be sub-optimal.
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Fig.1 CA deployment scenario #4.

However, in the CA mechanism, PUCCH can be transmitted only on the PCell. This principle does not fit well with non-co-located CA operations. From DL point of view, it is preferable to transmit DL data, e.g., best effort, mainly from a small cell. However, since the PUCCH is transmitted only on the PCell, UCIs corresponding to the DL signals from different UEs in the different small cells in the macro cell area are concentrated to the macro cell uplink. It is obvious from this fact that as the number of small cells increases, the PUCCH overload would become more problematic.
In the Annex B, we show brief analysis on PUCCH overload on the macro cell layer in CA deployment scenario #4, with the number of small cells within the macro cell area as a function. From the analysis, it can be said that in a heavy traffic area, PUCCH overload would become a bottleneck to increase the capacity. For example, when the number of small cells is 8 and 2CCs are utilized, PUCCH overhead for the CA UEs is around 38% in the macro cell uplink, while when the number of small cells is 8 and 3CCs are utilized (i.e., 2DL-CA with PUCCH format 1b channel selection or 3DL-CA with PUCCH format 3), more than 55% of uplink resource in the macro cell layer is required only for the PUCCH. In this analysis, macro cell layer is assumed to be FDD. If it is TDD, PUCCH overload is more severe, since TDD has less uplink subframes and hence UCIs are further concentrated on the smaller number of uplink subframes.
Observation:
· CA deployment scenario #4 (non-co-located CA) is a promising way to achieve local area/UE throughput enhancement and mobility robustness simultaneously.

· However, due to the PUCCH overload on the macro cell layer, capacity improvement of CA deployment scenario #4 would be unnecessary limited.

· UEs configured with CA can transmit PUCCH only on the PCell.

In order to solve the problem, support of PUCCH on the SCell is promising. This enables offloading UCI to the small cell layer while it requires UL-CA capability for the UEs. Following alternatives can be considered.

· Alt. 1
Semi-statically configuring PUCCH transmission on a SCell or the PCell

· Alt. 2
Dynamically switching the PUCCH transmission cell between the PCell and SCell

· Alt. 3
Transmitting PUCCH on multiple UL serving cells

Among above alternatives, Alt. 3 is promising due to the following reasons.

· In Alt. 1, PUCCH offloading to a small cell can be achieved with a slight modification to current CA mechanisms, but mobility robustness provided by the macro cell would not be retained. For the case if the SCell UL is lost, fallback mechanisms need to be supported as well.

· In Alt. 2, the switching pattern may need to be considered. Taking into account that not only A/N but also CQI/SR are transmitted on the PUCCH, further argument on its mechanisms and large specification impact are expected.

· In Alt. 3, both mobility robustness and PUCCH overhead reduction are achievable. Furthermore, Alt.3 has already been specified in the framework of Rel.12 dual connectivity.
In Rel.12 dual connectivity, UE is required to transmit PUCCH not only on the PCell but also on one of SCells (called PSCell). In dual connectivity, since non-ideal backhaul is assumed between multiple eNBs, eNBs cannot coordinate scheduling for the UE in a dynamic manner. Therefore, simultaneous transmissions of PUCCH/PUCCH and PUCCH/PUSCH across cell-groups (CGs) are essential functions.
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Fig. 2  Comparison between CA and dual connectivity.
Considering that the Rel.12 dual connectivity already supports PUCCH on multiple UL serving cells, it is natural to reuse the same mechanism in Rel.13 CA as much as possible. This is also beneficial to avoid fragmentation of UCI feedback mechanisms among Rel.10/11 CA, Rel.12 DC, and Rel.13 CA. From the physical layer aspects, we believe that reusing the PUCCH mechanism of dual connectivity in CA should be the starting point of this work item. As such, 0.25 TU for 2 RAN1 meetings would be sufficient to complete the physical layer aspects.
From the L2/L3 protocol aspects, the concept of PUCCH on SCell for CA would be different from the “Dual PUCCH” for Dual Connectivity [5]. The possible specification impacts are as follows:
MAC:
· Modelling of enabling PUCCH on SCell with one MAC entity per UE

· SR on SCell carrying PUCCH (probably not needed)
· Activation/Deactivation for SCell carrying PUCCH
· PHR for SCell carrying PUCCH
RRC:

· Signalling to configure one additional PUCCH resource on one of the SCells.

· Serving cell grouping; one cell group comprises PCell, while the other comprimises SCell carrying PUCCH, where all serving cells belong to either of the cell groups.

· RLM on SCell carrying PUCCH
These aspects have to be discussed in RAN2. However, the expected discussion time would not be so large as each topic is not big and contentious. 0.5 TU for MAC and RRC, respectively would be sufficient. In total, 1 TU for 1 RAN2 meeting is enough to complete these L2/L3 aspects. Consequently, the following is proposed:
Proposal:

· Approve the new work item “UCI enhancements for LTE Carrier Aggregation”.

· The scope is to reuse UCI mechanism of dual connectivity in the CA deployment scenario #4.

3. Summary and proposal
Following are the observation and proposal in this contribution.
Observation:

· CA deployment scenario #4 (non-co-located CA) is a promising way to achieve local area/UE throughput enhancement and mobility robustness simultaneously.

· However, due to the PUCCH overload on the macro cell layer, capacity improvement of CA deployment scenario #4 would be unnecessary limited.

· UEs configured with CA can transmit PUCCH only on the PCell.

Proposal:

· Approve the new work item “UCI enhancements for LTE Carrier Aggregation”.

· The scope is to reuse UCI mechanism of dual connectivity in the CA deployment scenario #4.
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Annex A
CA deployment scenarios defined in TS36.300
Table J.1-1: CA Deployment Scenarios (F2 > F1).

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario is when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to improve throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to improve throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario is when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
	
[image: image6.emf]

	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlaps.
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Annex B
Analysis of PUCCH overload in CA deployment scenario #4
Table I. PUCCH Overhead with 1 CC per macro cell and 1 CC per Small Cell, and UEs Are Configured with 2 CC DL CA and PUCCH Format 1b with Channel Selection
	No. of Small Cells
	No. of RBs for PUCCH
	PUCCH Overhead
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	A/N
	CQI
	SR
	
	

	0 (Non-CA)
	2.3
	4
	1.3
	15.2%
	

	1
	3.2
	8
	1.3
	25.0%
	

	2
	4.1
	8
	1.3
	26.8%
	

	4
	5.9
	8
	1.3
	30.3%
	

	8
	9.4
	8
	1.3
	37.5%
	

	16
	16.5
	8
	1.3
	51.7%
	


Table II. PUCCH Overhead with 1 CC per macro cell and 2 CCs per Small Cell, and UEs Are Configured with 2 CC DL CA and PUCCH Format 1b with Channel Selection
	No. of Small Cells
	No. of RBs for PUCCH
	PUCCH Overhead
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	A/N
	CQI
	SR
	
	

	0 (Non-CA)
	2.3
	4
	1.3
	15.2%
	

	1 (2 CCs)
	4.1
	12
	1.3
	34.8%
	

	2 (2 CCs)
	5.9
	12
	1.3
	38.3%
	

	4 (2 CCs)
	9.4
	12
	1.3
	45.4%
	

	8 (2 CCs)
	16.5
	12
	1.3
	59.7%
	

	16 (2 CCs)
	30.7
	12
	1.3
	88.2%
	


Table III. PUCCH Overhead with 1 CC per macro cell and 2 CCs per Small Cell, and UEs Are Configured with 3 CC DL CA and PUCCH Format 3

	No. of Small Cells
	No. of RBs for PUCCH
	PUCCH Overhead
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	A/N
	CQI
	SR
	
	

	0 (Non-CA)
	2.3
	4
	1.3
	15.2%
	

	1 (2 CCs)
	3.9
	12
	1.3
	34.5%
	

	2 (2 CCs)
	5.5
	12
	1.3
	37.7%
	

	4 (2 CCs)
	8.7
	12
	1.3
	44.0%
	

	8 (2 CCs)
	15.1
	12
	1.3
	56.9%
	


Assumptions for the above analysis.

	Parameters
	Table I
	Table II
	Table II

	No. of CCs per macro cell
	1
	1
	1

	No. of CCs per small cell
	1
	2
	2

	No. of non-DRX UEs
	480
	480
	480

	No. of CQI resources per PRB
	6
	6
	6

	No. of SR resources per PRB
	18
	18
	18

	CQI/SR periodicity
	20 ms
	20 ms
	20 ms

	Bandwidth in macro cell
	10 MHz
	10 MHz
	10 MHz

	CIF
	3
	3
	3

	EPDCCH
	N/A
	N/A
	N/A

	No. of scheduled UEs per TTI per small cell
	8
	16
	8

	No. of A/N resources per PRB
	18
	18
	5

	PUCCH for A/N
	Format 1b with channel selection
	Format 1b with channel selection
	Format 3
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