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1 Introduction
A work item for carrier aggregation enhancement beyond 5 carriers for LTE Release 13 was approved in [1]. One of the objectives of the work item is to specify necessary mechanisms to enable the LTE carrier aggregation (CA) of up to 32 component carriers (CCs) for the DL and UL
In this contribution, we discuss signaling enhancements for CA in Rel-13 to support up to 32 CCs. 
2. Discussion 
In [1], a framework of CA enhancement was discussed and approved. In particular, it includes:

· Specify necessary mechanisms to enable the LTE carrier aggregation of up to 32 component carriers for the DL and UL, including:
·  Enhancements to DL control signalling for up to 32 component carriers including both self-scheduling and cross-carrier scheduling, if any [RAN1]
·  Enhancements to UL control signalling for up to 32 component carriers [RAN1]
·  Enhancements to support UCI feedback on PUCCH for up to 32 DL carriers
· Specify the necessary enhancements to UCI signalling formats to support UCI feedback for up to 32 DL carriers 
·  Enhancements to support UCI feedback on PUSCH for up to 32 DL carriers

· Higher layer enhancements for a UE to aggregate up to 32 component carriers, if identified [RAN2]
During Rel-10/11 CA standardization, there were some related features which were partially studied and not specified within the timeframe of Rel-10/11. Some features were designed based on specific and/or simplified assumptions. To name a few, optimization for 2 CC aggregation and a small number of active CA capable UEs being simutanesously scheduled on multiple DL CCs were considered. In addition, backward compatible design was one of the most important criteria for all CCs since Rel-10. The target deployment scenario in Rel-13 CA may be extended from the scenarios treated in Rel-10, e.g., considering CCs with LAA (Licensed-Assisted Access) operation in the 5 GHz unlicensed band. The Rel-13 CA enhancement should take such factors into account. 
Considering the new target of Rel-13 CA enhancement as captured in [1], it is deemed necessary to re-evaluate features which were specified in Rel-10 for potential applicability and extensibility to Rel-13. Moreover, supporting CA of up to 32 CCs in Rel-13 also necessitates the investigation of new features based on the potential use cases and deployment scenarios for Rel-13 CA operation. 
In the following of this contribution, we discuss various DL and UL enhancements for downlink and uplink physical layer signaling for Rel-13 carrier aggregation. 
PDCCH

In Rel-10, a 3-bit Carrier Indicator Field (CIF), which could be potentially extended to accommodate up to 8 CCs, was introduced for (e)PDCCH to support cross-carrier scheduling from PDCCH in a cell to the corresponding PDSCH in another cell. This feature would be helpful not only for CA-based HetNet scenarios by controling PDCCH interference in the network but also for LAA operation where PDCCH and the corresponding PDSCH are transmitted from licensed and unlicensed carriers, respectively. Depending on the configuration of Rel-13 CCs, some further enhancements to cross-carrier scheduling can be considered, e.g., increasing the bit number of the CIF. 
Proposal 1: Investigate the need to extend the CIF bit number. 
In Rel-13, a UE can be configured with up to 32 CCs. Currently, PDSCH or PUSCH on a serving cell is scheduled by a PDCCH on a serving cell. This design is expected to incur large PDCCH overhead, e.g., for an envisaged scenario where the number of CCs is considerably larger compared to the Rel-10 CA case. Given that the DL control channel overhead is directly related to the achievable DL throughput, mechanisms to reduce the DL control channel overhead can be considered in Rel-13 CA enhancement. 
In addition, we need to consider that each PDCCH needs at least one (e)CCE for its transmission. When there are a large number of UEs configured with CA, PDCCH blocking may become a significantproblem even if the PDCCH capacity itself is not a limiting factor. The situation would become worse for cell edge UEs which require a large number of CCEs for PDCCH transmission. Hence, RAN1 could investigate potential solutions to minimize the possibility of PDCCH blocking when a large number CCs are configured in Rel-13. 
Without imposing any restrictions and by following Rel-10 CA design, the number of blind decoding (BD) attempts to detect PDCCH is scaled by the number of activated CCs for a CA capable UE. In Rel-10, the totoal number of BD attempts per subframe is calculated as 12 + (N x 32) + (M x 16), where N is the number of CCs and M is the number of CCs which can be also configured with UL spatial multiplexing for DCI format 4. For a 32 x 20 MHz CA configuration, the maximum total number of BDs for a Rel-13 CA UE is about 32 times larger than the one for a UE with a single configured CC, which would imply approximately 1548 BD operations per subframe as illustrated in Table 1. It is therefore necessary to consider enhancements which limit the maximum number of BDs a UE is required to monitor in Rel-13.  
Table 1: Number of Bind Decoding attempts in Rel-13 CA

	Number of CCs
	Without UL MIMO
	With UL MIMO

	2
	76
	108

	5
	172
	252

	8
	268
	396

	16
	524
	780

	32
	1036
	1548


Based on the above discussion, we propose: 

Proposal 2: Invesitigate potential PDCCH enhancements to reduce the PDCCH overhead, minimize the PDCCH blocking probability and limit the blind decoding attempts. 
PUCCH

For Rel-13 CA, the payload for HARQ-ACK is increased considerably compared to previous releases. The design target for ACK/NACK feedback in the uplink would be for 32 DL CCs and a single UL CC.  With MIMO transmission, HARQ-ACK feedback up to two TBs per CC would be needed. There are five possible feedback values for HARQ-ACK of an individual CC in the case of MIMO transmission: (ACK,ACK), (ACK, NACK), (NACK,ACK), (NACK,NACK) and (DTX). Similary, in the case of single codeword transmission, there are three possible feedback values, {ACK, NACK, DTX}. For the case of 32 CCs and PDSCH transmissions on each of the 32 CCs, there are 
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 different values that need to be conveyed to the eNB considering a UE will use DTX to signal that it has not received any DL assignments, which means the maximum number of required bits is 
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. For the non-MIMO case, the maximum number of required bits is 
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. As analyzed above, the maximum number of bits required for FDD is 64 (with no explicit DTX per PDCCH per CC) or 75 (with explicit DTX per PDCCH per CC). With non-MIMO, the maximum number of bits is 32 (with no explicit DTX per PDCCH per CC) or 51 (with explicit DTX per PDCCH per CC). For TDD, the number of HARQ-ACK bits for a given UL subframe also depends on the TDD UL/DL configuration. Assuming spatial bundling is applied in each TTI and explicit DTX indication per PDCCH per CC is not supported, Table 1 summarizes the required HARQ-ACK bits corresponding to the HARQ-ACK bundling window size M in a TDD system. 
 Table 2: UL HARQ-ACK bits number in TDD system
	CCs number #
	M=2
	M=3
	M=4
	M=9

	8
	16
	24
	32
	72

	16
	32
	48
	64
	144

	32
	64
	96
	128
	288


Since Rel-10, two different PUCCH formats for CA are supported for HARQ-ACK feedback: PUCCH format 1b with channel selection and PUCCH format 3. More specifically, PUCCH format 3 is the only choice for HARQ-ACK feedback in the case of more than two configured CCs, which can carry up to 22 information bits. Based on the above analysis on the HARQ-ACK payload size, unless an aggressive HARQ-ACK compression scheme is assumed, it would be impossible to re-use PUCCH format 3 to cater for HARQ-ACK transmission for up to 32 CCs in Rel-13. 
Based on the Rel-10 specification, there is no ACK/NAK transmission scheme supported for a TDD UE configured with more than 2 serving cells and TDD UL-DL configuration 5. In addition, time domain bundling is not supported for a TDD UE configured with 2 serving cells and TDD UL-DL configuration 5. It is necessary to study proper ACK/NAK transmission schemes in Rel-13 for those cases. 
Based on the discussion above, a new PUCCH format or HARQ-ACK compression schemes for re-using PUCCH format 3 can be further considered for HARQ-ACK feedback in Rel-13. 
Proposal 3: Consider introducing a new PUCCH format or additional HARQ-ACK compression schemes for HARQ-ACK transmission in Rel-13 CA. 
Another aspect that needs to be discussed for PUCCH enhancement is to improve the periodic CSI feedback in CA. In earlier releases, CSI dropping happens in CA whenever there is a collision between CSI feedback instances of different cells or with HARQ-ACK if the total number of UCI bits exceeds 22. The multi-CC CSI feedback mechanism was seen as sufficient for periodic CSI feedback in Rel-11/12 as DL CA deployments were primarily optimized for two CCs. Therefore, by appropriately selecting the periodic CSI configuration i.e., subframe offset and periodicity, multi-CC CSI collision can be avoided or can be infrequent. However, such a CSI feedback mechanism may result in excessive CSI dropping in Rel-13 CA where a large number of CCs may be configured. This issue becomes especially serious for DL heavy TDD DL/UL configurations, where an uplink subframe may be associated with multiple DL subframes for ACK/NAK feedback and there is a limited number of uplink subframes within a frame. 
CSI dropping in CA causes large feedback delay and impacts the system performance due to outdated CSI information which may have to be used for some CCs during DL scheduling. Hence, it seems reasonable to consider enhanced mechanisms or some proposals discussed in Rel-11 to resolve the multi-cell CSI feedback problem in Rel-13. 

Proposal 4: Investigate the possibility of enhancing the multi-CC periodic CSI feedback in one subfame. 
Further, the support of N downlink CCs would require approximately N times the amount of periodic CSI reports on PUCCH for a given UE compared to a single CC. As the cost of transmitting N times the CSI reported may be considerably high, ways to reduce the CSI overhead should be pursued. 

Proposal 5: Consider ways to reduce the multi-CC CSI feedback overhead in Rel-13.  
PUSCH

Potencial enhancements to PUSCH operation includes minimizing the HARQ-ACK bit number which would benefit the PUSCH performance since HARQ-ACK information is punctured into the coded PUSCH transmission. Currently, the HARQ-ACK payload size for transmission in PUSCH is determined by the number of configured DL CCs and the configured transmission mode for each CC. For TDD, the bundling windows size and the signaled DAI value in the UL grant is additionally considered to minimize the HARQ-ACK payload size. 
When a large number of CCs is configured for a UE in Rel-13 CA, using the number of configured CCs to determine the HARQ-ACK bit number on PUSCH might be very inefficient and significantly impact the PUSCH performance, especially when the number of scheduled CCs is significantly less than that of configured CCs. In Rel-10, a 2-bit DAI field included in UL DCI format 0/4 for TDD operation is used to indicate the maximum total number of PDSCH scheduling instances in a HARQ-ACK bundling window across CCs. Although this design can help the UE to reduce the required HARQ-ACK bits and was seen as sufficient in Rel-10, the identified problem of unnecessary HARQ-ACK bits for unscheduled CCs still exists and may lead to non-negligible UL performance loss in Rel-13 when a UE is configured with a large number of CCs but only a small portion of the configured CCs are used for PDSCH transmissions. 
On the other hand, as discussed in Rel-10, the HARQ-ACK payload adapted to the number of detected PDCCHs is also problemic since the UE may miss detecting PDCCHs form the eNB, which leads to divergence of the codebooks assumed by the two sides. 
Based on this discussion, mechnisms need to be studied in order to imporve the HARQ-ACK feedback efficiency together with avoiding the risk of mismatch in HARQ-ACK payload size between UE and eNB.
Proposal 6: Investigate potential enhancements to reduce HARQ-ACK payload size on PUSCH. 
As usual, all features to be introduced for Rel-13 CA enhancement need to undergo careful performance and complexity analysis from both standardization and implementation perspectives. 
3. Conclusions
This contribution discusses potential enhancements in the DL and UL to support up to 32 CCs for carrier aggregation in Rel-13. Based on the discussion, we propose the following:
Proposal 1: Investigate the need to extend the CIF bit number. 

Proposal 2: Invesitigate potential PDCCH enhancements to reduce the PDCCH overhead, minimize the PDCCH blocking probability and limit the blind decoding attempts. 

Proposal 3: Consider introducing a new PUCCH format or additional HARQ-ACK compression schemes for HARQ-ACK transmission in Rel-13 CA. 
Proposal 4: Investigate the possibility of enhancing the multi-CC periodic CSI feedback in one subfame. 
Proposal 5: Consider ways to reduce the multi-CC CSI feedback overhead in Rel-13.  
Proposal 6: Investigate potential enhancements to reduce HARQ-ACK payload size on PUSCH. 
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