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1 Introduction

Carrier Aggregation (CA) based HetNet deployments have been identified as one solution to deploy heterogeneous networks [1]

 REF _Ref269481606 \r \h 
[2]. This contribution identifies and addresses several open issues that need to be solved to ensure proper operation of CA in a heterogeneous network setup.

2 Discussion

2.1 Carrier Aggregation Based HetNets

As outlined in [1]
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[2] and several other contributions CA can be used to enable heterogeneous network deployments. The available bandwidth is split into multiple carriers. One of the carriers is configured with PCell for UEs connected to the macro network whereas PCell for UEs connected to the pico network is configured on the other carrier. The other carrier in each cell area is configured with SCells.  In the example shown in Figure 1 the bandwidth is split into two carrier f1 and f2 upon which PCell for macro and pico are configured, respectively. Assuming time alignment between macro and pico network, synchronization signals and PBCH transmitted from macro and pico network overlap on the individual carrier. This implies that UEs connected to range-extended pico network cannot detect synchronization signals and PBCH on f1 since the interfering signals of the macro network are received with much stronger power. The same applies to L1/L2 control signalling and CRS (if overlapping) transmitted on f1 from pico network. Data on f1 in pico are therefore cross-scheduled from f2. If CRS overlap UE specific reference signals are used for demodulation [2]. 

In an FDD system subframe shifting between macro and pico network could mitigate synchronization signals and PBCH reception problem. However, in a TDD system subframe shifting does not work since UL and DL subframes must be aligned.

Not all mechanisms are so far in place how UE should obtain information contained in those signals that cannot be decoded from SCells. 
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	Figure 1: CA based HetNet deployment.


2.2 Information Contained in Synchronization Signals and PBCH

Synchronization signals serve several purposes: Obtaining synchronization, cell ID detection, and cyclic prefix length detection. Detection of the synchronization signals enables synchronization. Detecting which primary and secondary synchronization sequences are used reveals the cell ID. The length of the DL cyclic prefix is detected blindly from the time duration in-between primary and secondary synchronization signal. 

If the UE cannot detect synchronization signals it is not able to derive cell ID, synchronization, and DL cyclic prefix length. However, when adding an SCell the cell ID and carrier frequency of this new cell are signalled to the UE. Unknown to the UE remain DL cyclic prefix length and synchronization.

Proposal 1: Enable optional RRC signalling of “DL cyclic prefix length (normal/extended)” of SCells.

To enable synchronization the UE could in the simplest case re-use the synchronization of the PCell. However, in case of RRH deployment the arrival time difference between two cells – even though having potentially same transmit timing – may exceed the cyclic prefix length at the UE [3]. Thus not all cells provide valid synchronization for other cells. It is therefore proposed to optionally include in the RRCConnectionReconfiguration message upon addition of an SCell an indication which cells can be used by the UE to aid synchronizing the SCell. 

Proposal 2: Enable optional RRC signalling of cell(s) that can be used by terminal to synchronize SCell.

The MIB transmitted on PBCH contains PHICH configuration, DL bandwidth, and system frame number. The number of transmit antenna ports is encoded into the PBCH CRC and blindly decoded by the UE.

RAN2 already agreed to enable optional signalling of PHICH configuration, DL bandwidth, and number of transmit antenna ports of SCells [4]. RAN2 has also already decided to align system frame numbers across aggregated cells [4]; the system frame number obtained in one cell is therefore also valid for other cells. All means are therefore already in place to provide the UE with information that is contained in PBCH, even if the terminal cannot read PBCH.

If RAN1 agrees to above proposals we would also ask the group to send an LS to RAN2 informing them about RAN1’s decision and to ask them to define the required signalling. 

2.3 Proposed Changes to RAN1 Specification

RAN2 already decided that a UE does not have to monitor system information changes on SCells but obtains all system information of relevance via dedicated signalling [5]. This implies that the UE assumes the cell ID signalled in the RRCConnectionReconfiguration message upon addition of an SCell is valid for that SCell. This is the behaviour for CA where synchronization signals of SCells can be detected by the UE; the UE receives via RRC signalling carrier frequency and cell ID and aggregates the cell specified by carrier frequency and cell ID. The cell ID derived from the synchronization signals of SCell and the cell ID contained in the RRCConnectionReconfiguration message are the same since otherwise the UE would aggregate another cell. 

In a heterogeneous network deployment however the UE may not be able to derive the cell ID of an SCell from the synchronization signals transmitted on the SCell. In this case the UE has to rely on the cell ID signalled in the RRCConnectionReconfiguration message. The same applies for synchronization, the UE may not be able to obtain synchronization from the synchronization signals transmitted on SCell and needs to rely on another cell (indicated in the RRCConnectionReconfiguration message) to obtain synchronization.

It is proposed to capture in 36.213 that a terminal shall – if the corresponding information elements are present in the RRCConnectionReconfiguration message – derive synchronization from the specified cell and use the signalled cell ID.

Proposal 3: Capture in 36.213 that a terminal shall – if the corresponding information elements are present in the RRCConnectionReconfiguration message – derive synchronization from the specified cell and use the signalled cell ID.

Independent if the terminal can detect CRS, synchronization signals, and/or PBCH of an SCell it shall aggregate the SCell if instructed by the network.

Proposal 4: Capture in 36.213 that a terminal shall aggregate an SCell if instructed by the network, even if the terminal cannot detect CRS, synchronization signals, and/or PBCH of the SCell. 
3 Conclusion
In this contribution we analyze signalling required to support CA based HetNet deployments. The high interference a terminal may encounter if operating with range extension may make it impossible to receive synchronization signals and to detect information contained therein. We propose:

Proposal 1: Enable optional RRC signalling of “DL cyclic prefix length (normal/extended)” of SCells.
Proposal 2: Enable optional RRC signalling of cell(s) that can be used by terminal to synchronize SCell.
Proposal 3: Capture in 36.213 that a terminal shall – if the corresponding information elements are present in the RRCConnectionReconfiguration message – derive synchronization from the specified cell and use the signalled cell ID.

Proposal 4: Capture in 36.213 that a terminal shall aggregate an SCell if instructed by the network, even if the terminal cannot detect CRS, synchronization signals, and/or PBCH of the SCell.
If RAN1 agrees to above proposals we would also ask the group to send an LS to RAN2 informing them about RAN1's decision and to ask them to define the required signalling.
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