3GPP TSG RAN WG2 Meeting #78
R2-122974
Prague, Czech Republic, 21st – 25th May 2012
Source:
QUALCOMM Incorporated, Orange
Title:
On MF-HSDPA DF-DC configuration
Agenda item:

10.3.2
Document for:
Discussion and Decision
1  Introduction
Based on the MF-HSDPAWID [1], multiple configurations may be allowed, e.g. SF-DC, DF-DC/3C/4C, TF-3C/4C, 4F-4C (following a terminology commonly used so far, where “F” and “C” stand for Frequency and Cell, respectively).
As per latest RAN agreements (as captured in the MF-HSDPA Status Report [2]), RAN1 agreed to include/allow SF-DC and DF-4C scenarios, whilst RAN2 has agreed to allow also a specific DF-3C configuration, i.e., the combination of SF-DC and DC-HSDPA.

This paper proposes to allow one additional MF-HSDPA configuration (DF-DC), describing major motivations, target scenarios (where performance gains are expected) and details on the multi-flow operation characteristics.
NOTE: proposals in this paper have been revised compared to the previous submitted versions ([2]), to take into account a few comments and concerns raised by other RAN2 companies.
2 Discussion
2.1 On DF-DC target scenarios and benefits
Multi-Flow DF-DC operation means the possibility to transmit/receive two simultaneous HSDPA flows over two cells belonging to two different frequencies (that could belong either to the same or different site/NodeB). 
Such a multi-flow configuration is expected to provide significant benefits in certain multi-carrier scenarios, e.g. HetNet (Macro/Pico) or Hotspots (macro-only or macro/pico) type of deployments, which are shown in the following figures. 
For more details on Hetnet type of scenarios and performance gains, please refer to [3].

1) Hetnet (Macro/Pico) – Blanket F1/F2 
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Fig.1 Hetnet (Macro/Pico) – Blanket F1/F2

Main assumptions are:

· Macro Tx power can be reduced on one carrier (F2 in this example) to achieve better offloading from macro to pico (increase system capacity); 

· When approaching the pico coverage, the network may re-configure the UE from A) DC-HSDPA to B) DF-DC, with the UE served by macro F1 and pico F2.
2) Blanket F1 & Hot-Spot F1/F2 (Macro-only or Hetnet) 
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Fig.2 Blanket F1 & Hot-Spot F1/F2 (Macro-only or Hetnet)

Main assumptions are:

· F1 is deployed everywhere and F2 additionally deployed in the hot-spot (it would equally apply to F1-only Picos in a F1&F2 macro network). 
· Hot-spot F2 signal has no inter-cell interference thus it has greater coverage/quality than F1;
· When leaving the hotspot area, the network may re-configure the UE from A) DC-HSDPA to B) DF-DC.
2.2 DF-DC proposals
Introduction of DF-DC and separate UE capability

From an implementation (and specification) point of view, DF-DC seems only a minor addition/extension of existing solutions, both signalling and implementation wise, in particular:

· No significant impacts are expected  to UEs that already support DC-HSDPA or DB-DC;

· Since DF-3C and/or DF-4C are allowed (as per latest RAN1/2 agreements), DF-DC would be a simple sub-set of those configurations. 
Though DF-DC can be seen as a sub-case of DF-3C, it would be good to define/allow DF-DC as a stand-alone configuration/capability. By doing so, a larger number of UEs may be able to exploit the DF-DC operation and performance benefits without necessarily supporting DF-3C/4C.
With regard to SF-DC, it is assumed/proposed that a UE supporting DF-DC would also support SF-DC, but not vice versa. 
Proposal 1 – Allow DF-DC as stand-alone MF-HSDPA configuration (for both Intra and Inter-NodeB), associated to a separate UE capability.

Proposal 2 – A UE supporting DF-DC would also support SF-DC, but not vice versa.
DF-DC and SHO on the anchor carrier

Certain concerns were raised in previous RAN2 meetings about possible UL control channel issues during DF-DC inter-NodeB operation, i.e. on the lack of UL power control for the assisting NodeB transmitting on the secondary carrier. To address those issues, it is proposed to consider the following DF-DC operational requirement/constraint: DF-DC should use SHO on the anchor carrier. 

Such mode of operation is shown in the following figure and further described below.
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Fig.3 Inter-NodeB DF-DC with anchor-carrier cells in SHO
In the above figure,

· the primary/anchor carrier is F1, and UL is transmitted on F1’;
· both inter-NodeB cells decode data and HS-DPCCH on UL F1’;
· NodeB1 operation is as simple as it was in other MF-TX configurations (e.g. SF-DC or DF-3C);
· NodeB2 operation is such that it sends F-DPCH (DL TPC commands) on the SHO link (DL F1) without DL HS-PDSCH, or in other words the UE receives F-DPCH on DL F1 but HS-PDSCH from DL F2 only. This is what makes DF-DC a simple sub-set of DF-3C, as mentioned earlier.

Proposal 3 – DF-DC should use SHO on the anchor carrier. In case of inter-NodeB DF-DC, one NodeB should send DL power control commands on the SHO link without any DL HS-PDSCH transmission.
DF-DC enhanced mobility functionalities

In both DF-DC scenarios described above (Hetnet and Hotspot), it would be efficient to transition from DC to DF-DC as soon as the quality of the secondary carrier cell from the neighbor NodeB becomes good enough, for example  when it becomes better than current secondary cell. In this regard it would be desired that UE could notify the RNC when certain measurement events (e.g. change of best cell, pilot entering/leaving a ASET reporting range) happen on the secondary carrier, similarly to what is defined for DC-HSUPA (i.e. 1a, 1b and 1c on the secondary carrier can be reported).
The following figure shows one advantage of using such event reporting on the secondary carrier, compared to legacy event reporting (allowed only on the anchor carrier), for the Hetnet scenario shown in Fig.1.
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Fig.4 Enhanced event reporting for Hetnet DF-DC.
As mentioned in the blue text box above, event 1d reporting on the secondary carrier would allow the RNC to reconfigure the UE from DC to DF-DC much earlier than waiting for an event 1a on the primary carrier (with legacy mobility), thus increasing the performance gains of DF-DC. 
Note that when receiving an event 1d on F2, the RNC would perform both anchor carrier switch (from F1 to F2) and DF-DC reconfiguration, so that both cells on the anchor carrier (F2) can be in SHO (it would not be possible on F1), fulfilling the requirement as per proposal 3.
In the hotspot scenario (shown in Fig. 2), event reporting on the second carrier would have additional benefits.
· Using legacy event reporting, NodeB1 (F1&F2 in the hot-spot area) would be forced to use F1 as anchor carrier for DC UEs, to allow seamless mobility to NodeB2.  Enhanced reporting, instead, would allow balancing the NodeB1 uplink load by using F2 as DC anchor carrier frequency (for some UEs), while still enabling to switch to DF-DC based on second carrier (F1) measurements/events
· The possibility to exploit the extended F2 coverage from NodeB1 (less inter-cell interference than F1 at the hot spot border). Similarly to the Hetnet case, RNC can switch from DC to DF-DC at receipt of an event 1d on the secondary carrier (change of best cell on F1)
To efficiently exploit the described benefits of independent event reporting on the secondary carrier (i.e. not triggered by events on the anchor carrier), it is important to minimize or avoid performance issues due to periodic or long inter-frequency compressed mode. Compressed mode would be typically needed by the UE to perform inter-frequency measurements unless the UE uses a dual searcher, which is a functionality introduced from Rel-8 (for DC-HSDPA). Performance benefits of dual searcher in hotspot-like scenarios are described in [4].
To conclude, from a DF-DC performance point of view it is recommended to use both dual searcher and independent event reporting on the secondary carrier, which are not expected to have any significant standard or implementation impact given that those features are mostly defined in the specs (except for event 1d reporting on the secondary carrier). Note that those two enhanced mobility functionalities are not only useful for DF-DC, but also for DF-3C and DF-4C scenarios , e.g. when load (or pilot Ec/No) of anchor and secondary carriers differ, as described in [5].

Proposal 4 – DF-DC should use enhanced mobility functionalities, i.e. UE dual searcher and independent event reporting on the secondary MF-TX carrier.
3 Conclusions and Proposals
Based on the above discussions, the following proposals are made to RAN2.
Proposal 1 – Allow DF-DC as stand-alone MF-HSDPA configuration (for both Intra and Inter-NodeB), associated to a separate UE capability.

Proposal 2 – A UE supporting DF-DC would also support SF-DC, but not vice versa.
Proposal 3 – DF-DC should use SHO on the anchor carrier. In case of inter-NodeB DF-DC, one NodeB should send DL power control commands on the SHO link without any DL HS-PDSCH transmission.
Proposal 4 – DF-DC should use enhanced mobility functionalities, i.e. UE dual searcher and event reporting on the secondary MF-TX carrier.
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