3GPP TSG-RAN WG1 #65
R1-111323
Barcelona, Spain, 9st - 13th May 2011
Source:
Ericsson, ST-Ericsson
Title:
Remaining details for CA based HetNet in Rel-10
Agenda Item:
6.2.1

Document for:
Discussion and Decision
1. Introduction
Support for cross-carrier scheduling in carrier aggregation (CA) operations has been introduced in Rel10. One of the main arguments for introducing cross-carrier scheduling was to support cell range expansion in heterogeneous deployments [1]
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[2]. To further facilitate cell range expansion operations, signaling of the start position in time of the data sent on the cross-carrier scheduled component carrier was introduced. In [3], we identified a need for some additional signaling, related to synchronization of SCells, in order to support cell range expansion operations for both FDD and TDD. In this contribution, we further elaborate on the need for additional higher layer signaling in order to support CA based HetNet operations.
2. Carrier aggregation based HetNet operations
The basic idea with CA based HetNet is to send L1/L2 control signaling at the macro and pico layers on different carriers and then access data on all carriers via cross-carrier scheduling in conjunction with frequency domain partitioning of resource blocks across the layers (i.e. RNTP). This partitioning of control and data in frequency domain across layers would be needed for Rel10 pico users (and beyond) to operate in a cell range expansion zone, where by definition the geometry is such that reliable detection of downlink physical control channels is not possible.
Figure 1 illustrates the CA based HetNet operations in the case of two carriers, f1 and f2, in which f2 is here configured as a PCell for the pico users. The macro operates on f2 such that pico users in the cell range expansion zone can synchronize via PSS/SSS and reliably detect PBCH and control channels (PDCCH, PHICH, PCFICH) in the PCell. This would imply that the macro on f2 reduces it’s transmit power on corresponding physical signals and channels as well as on the CRS. On f1, the macro operates with nominal transmit power which thus implies that terminals connected to the pico cell are likely to have problems receiving the synchronization signals, system info and control channels on f1 in the cell range expansion zone. However, data can be sent on f1 to pico cell edge users connected to the SCell via cross-carrier scheduling from f2
.
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Figure 1 CA based HetNet operations in the case of two carriers’, f1 and f2.

Acquiring synchronization and system information of SCells
When aggregating an SCell, the carrier frequency, cell ID and system information are signaled to the UE, implying that the UE only need to synchronize and derive cyclic prefix length
 of the SCell in order to communicate with the new cell. Moreover, system information changes is provided via dedicated signaling so the UE does not even have to monitor system information changes on SCells. However, in heterogeneous deployments with UEs operating in the cell range expansion zone, synchronization signals of the SCell are highly interfered by the macro layer which makes it difficult to acquiring synchronization and deriving the cyclic prefix length from PSS/SSS of the SCell.
Observation 1: Users in the cell range expansion zone are likely not able to derive synchronization and downlink cyclic prefix length from synchronization signals provided by the SCell.
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 [4]. Thus, not all cells provide valid synchronization for other cells. From above discussions, we conclude that additional signaling support related to acquiring synchronization of SCells would be needed to support a CA based HetNet set up. Therefore, we propose the following:
Proposal 1: Enable optional RRC signaling of downlink cyclic prefix length (normal/extended) of SCells.

Proposal 2: Enable optional RRC signaling of cell(s) that a UE shall use to acquire/maintain time and frequency synchronization of an SCell.

The carrier frequency and the cell ID of the aggregated SCell are conveyed in the RRCConnectionReconfiguration message, where the cell ID shall be identical to what the UE can derive from the synchronization signals of the aggregated SCell. In the case the UE is operating in the cell range expansion zone it has to sorely rely on the signaled cell ID. The same should apply for synchronization, as the UE may not be able to obtain synchronization from the synchronization signals transmitted on SCell and thus needs to rely on another cell (if indicated in the RRC message) to obtain synchronization. Hence, if such information element is present in the RRCConnectionReconfiguration message, the UE shall derive and maintain synchronization from the cell indicated by the RRC message. A proposal on how to capture this in TS 36.213 is given in the draft CR [5].
Unreliable CRS reception in cell range expansion zones
It has been pointed out in numerous of HetNet contributions, see e.g. [1]
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[2], that pico users operating in the cell range expansion zone cannot rely on highly interfered CRS for demodulation of  PDSCH
. Therefore, reception of PDSCH in the cell range expansion zone needs to rely on the use DM-RS. Furthermore, link adaptation typically relies on CRS measurements and therefore users operating within the cell range expansion zone would need to base CSI reports on CSI-RS. Hence, transmission mode 9 is to be considered for users without reliable CRS reception. 
The CRS of a serving cell is also essential for radio link monitoring and RRM measurements. However, RLM and RRM serving cell measurements can be configured to be conducted on the PCell only. Thus, highly interfered CRS of the SCell would then not impact RLM and mobility measurements for users operating within the cell range expansion zone of the SCell.
Irrespective if the UE can reliably detect CRS and synchronization signals (as well as MIB) of an SCell or not, it shall aggregate the SCell if instructed by the network. Thus, a UE shall aggregate the SCell, as instructed by the network, even if the terminal cannot detect CRS, synchronization signals and PBCH of the SCell. A proposal on how to capture this procedure in TS 36.213 is given in the draft CR [5].
3. Conclusion
In this contribution, we have discussed the need to introduce RRC signaling to acquire synchronization of aggregated SCells in order for users within cell range expansion zones to receive data via cross-carrier scheduling. The following were proposed:
Proposal 1: Enable optional RRC signaling of downlink cyclic prefix length (normal/extended) of SCells.

Proposal 2: Enable optional RRC signaling of cell(s) that a UE shall use to acquire/maintain time and frequency synchronization of an SCell.
If above proposals can be agreed, RAN1 would need to send an LS to RAN2 informing them about the decision and kindly ask them to define the required signaling. A draft LS to RAN2 on this topic is provided in [6].
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� Macro users that cannot receive PDCCH from f2 (SCell) could though receive data on f2 via cross-carrier scheduling from f1 (PCell) by using DM-RS for the demodulation of corresponding PDSCH.


� Cyclic prefix length is detected blindly from the time duration in-between PSS and SSS.


� The possibility of reducing the macro CRS transmit power within resource blocks that have been partitioned for pico cells was discussed in � REF _Ref291603630 \r \h ��[1]� as a non-backward compatible solution to this issue.





