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1. Introduction
At RAN#61 meeting, a new WI "UMTS Mobility enhancements for Heterogeneous Networks" was approved in [1], and the work of the WI is to focus on the aspects or problems already studied as part of the "Study on UMTS Heterogeneous Networks".
One of objectives of this work item is:

· Consider further mobility enhancements (e.g. intra-frequency event triggered reporting on the secondary carrier). (RAN2, RAN4)
Regarding this objective, it is based on DF-DC operation. As agreed in the SI stage, DF-DC operation (Dual-Frequency Dual-Cell) could introduce throughput gains for cell edge users as well as improve the system fairness, and it has already captured in the TR 25.800 ([2]).
It is seen that currently DF-DC operation as a possible Multiflow operation has not been specified in the standard, so this paper is to discuss the standard impacts on DF-DC operation.
2. Discussion
2.1. Introduction of DF-DC operation
In the TR 25.800 ([2]), DF-DC operation is described as below:
7.2.2.3
Dual-Frequency Dual-Cell (DF-DC) operation

In the DF-DC Multiflow configuration, the UE receives data from two nodes (Macro or LPNs) simultaneously on two difference frequencies. This is illustrated in Figure 41.
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Figure 41: Dual-Frequency Dual-Cell
Figure 41 shows that the UE receives data on frequencies F1 and F2 from different cells. The cells could be Macro cells or LPNs. Both cells receive HARQ-ACK and CQI information on the HS-DPCCH channel from the UE transmitted on a single UL carrier that corresponds to the serving HS-DSCH cell. 

If the serving cell corresponds to F1, then it is essential that the UE is in soft handover between the two cells on that carrier. The uplink would therefore be power controlled by both the nodes by transmitting F-DPCH on F1 as in legacy operation. Data transmission for the non-serving cell would occur on F2, similar to Rel-8 DC operation.

It is important to note that when compared to Single-Frequency Dual-Cell (SF-DC) operation, there is no requirement for UE interference rejection as DF-DC operates on two different frequencies, therefore, DF-DC operations are feasible for single receive antenna UEs as well.
Actually during Rel-11 Multiflow discussions, DF-DC operation was mentioned but finally it was not agreed due to limited use cases and benefits in Macro only deployments. Based on the analysis on the scenarios and benefits of DF-DC operation in HetNet, we propose to consider specifying DF-DC operation in Rel-12.
Proposal 1: It is proposed to specify DF-DC operation in Rel-12 specifications.
2.2. Impacts on DF-DC operation
2.2.1. General considerations
We consider DF-DC operation as a possible Multiflow scheme, and so far we have the following Multiflow operations as defined in TS 25.308 ([3]), i.e. SF-DC operation, DF-3C operation and DF-4C operation.
Table 1: Multiflow configurations

	Name
	Carrier Frequency A
	Carrier Frequency B

	One Frequency, two cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	N/A

	Two frequencies, three cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	A secondary serving HS-DSCH cell

	Two frequencies, three cells
	The serving HS-DSCH cell,
the assisting serving HS-DSCH cell
	An assisting secondary serving HS-DSCH cell

	Two frequencies, four cells
	The serving HS-DSCH cell, 
the assisting serving HS-DSCH cell
	A secondary serving HS-DSCH cell, 
an assisting secondary serving HS-DSCH cell


In order to support DF-DC operation, a simple change is suggested to be made as below: 

	Name
	Carrier Frequency A
	Carrier Frequency B

	Two frequencies, two cells
	The serving HS-DSCH cell, 
	An assisting secondary serving HS-DSCH cell


So far, the following feature dependencies/relationships/combinations have already been agreed in Rel-11 for Multiflow operation:
· MIMO (dual stream or single stream) could be configured

· In case of DF-3C and DF-4C, both frequencies could be of inter-band or non-contiguous in one band

· DTX/DRX could be configured

· HS-SCCH-less could be configured

· UL MIMO or UL CLTD could be configured

· Intra-Node B or Inter-Node B Multiflow could be configured

· A UE supporting any Multiflow operation shall also support Rel-8 DC-HSDPA
We think that in general the above combinations could be inherited for DF-DC operation in order for sufficient flexibility.
Proposal 2: It is proposed to apply the existing combinations related to Multiflow operation to DF-DC operation.
DF-DC operation can be considered as a subset of DF-3C or DF-4C operation, and in general we see two ways to specify DF-DC:

· Way 1: do not specify DF-DC independently and it is implicitly supported by DF-3C or DF-4C, e.g. a UE supporting DF-3C or DF-4C shall support DF-DC, and it is not possible for a UE to only support DF-DC but not support DF-3C or DF-4C
· Way 2: specify DF-DC independently, and in this case it is possible for a UE to only support DF-DC and not support DF-3C or DF-4C
From our point of view, Way 1 may have less specification impacts because we do not have to consider DF-DC separately, but there may be higher requirements on the UE side to support DF-DC, e.g. buffer size. In addition, as discussed during study item stage, DF-DC operation is a valid use case apart from other Multiflow cases, so Way 2 is our preference.
Proposal 3: DF-DC operation is proposed to be specified as an independent operation/configuration and relaying on a separate UE capability (than DF-3C/4C).
As discussed in the past [4], due to the re-use of existing multi-carrier physical layer capabilities (e.g. DC-HSDPA category is re-used by both SF-DC and DF-DC) and legacy signalling constraints (the "Multi-cell support" IE is not present in the SRNC relocation message thus causing inter-operability issues if a UE supports DF-DC, but not SF-DC), it would be beneficial to couple DF-DC and SF-DC support. In particular, it can be assumed that a UE supporting DF-DC would also support SF-DC (thus DC-HSDPA), but not vice versa. 

Proposal 4: A UE supporting DF-DC would also support SF-DC, but not vice versa.
2.2.2. Standard impacts
From RAN2 point of view, in general most of Multiflow procedures/configurations could be reused and here is our consideration on possible impacts in RAN2:

· Stage-2:
· In TS 25.308, there may be a need to add DF-DC configuration as one Multiflow operation
· Stage-3:
· In TS 25.302, there may be a need to introduce new physical channels combinations

· In TS 25.331, we have the following considerations:

· The signallings specified for Multiflow can support DF-DC configuration, and DF-DC capability is already supported by the existing Multiflow capability signallings, e.g. by using "Number of cells" and "Number of frequencies".
· Certain rules would also need to be updated, e.g. section 8.1.3.6 should include also the case (missing) "if the UE supports Multiflow operation on two cells on two frequencies"
· One potential issue, identified so far, is the indication of time reference cell on the primary frequency. In section 8.5.71 as below, the UE will check the time reference cell or non time reference cell for cells on the primary frequency, but for DF-DC operation the assisting serving cell will not exist so that the highlighted part may not be performed at UE side or the UE may always consider the serving cell as time reference cell. It may need further study and discussion on this issue.
1>
for every entry in DOWNLINK_SECONDARY_CELL_INFO:

2>
if the stored UARFCN downlink (Nd) in the entry is the same as the value of the serving HS-DSCH cell:

3>
if the IE "Multiflow time reference cell" is not present:

4>
indicate to lower layers that the serving HS-DSCH cell is time reference for HS-DPCCH;

3>
else:

4>
indicate to lower layers that the cell is a time reference for HS-DPCCH;
2>
else:

3>
if the IE "Multiflow time reference cell" is present:

4>
indicate to lower layers that the cell and the time reference cell are in the same cell group as specified in [27];

3>
else:

4>
indicate to lower layers that the cell and the non-time reference cell are in the same cell group as specified in [27];
It is seen that there are limited impacts in RAN2 and it is proposed:
Proposal 5: It is proposed RAN2 to discuss possible specifications impacts to allow/define DF-DC operation.
By introducing DF-DC operation, there may be some small impacts in RAN1 and RAN3 based on Multiflow procedures. Here is a general analysis:

· In RAN1, currently some rules on activation/de-activation of HS-DSCH cells are specified, and the cells on the primary frequency are not allowed to be de-activated and the cells on the secondary frequency are allowed to be de-activated. For DF-DC operation, there may be issues whether the assisting secondary serving cell could be de-activated or not, e.g. in case of Inter-Node B DF-DC operation, if the assisting Node B sends a HS-SCCH order to de-activate the assisting secondary serving cell, there may be an issue how to re-activate that cell because the UE will not monitor HS-SCCH on that cell any more.
· In RAN3, in order to let the RNC know whether the Node B supports DF-DC operation or not, there may be a need to consider introducing DF-DC capability reporting.
It is also seen that there are not many issues in RAN1 and RAN3 and it is proposed:

Proposal 6: It is proposed to send LSs to RAN1 and RAN3 to mention possible issues on DF-DC operation.
3. Conclusion
In this discussion paper, DF-DC operation is mentioned. Though it has not been specified in the current specifications, there are not much specification impacts based on Multiflow functionalities, and this paper provide a general view on the impacts.
In conclusion, some necessary changes in RAN1/RAN2/RAN3 may be needed in order to support DF-DC operation, so it is proposed:
Proposal 1: It is proposed to specify DF-DC operation in Rel-12 specifications.
Proposal 2: It is proposed to apply the existing combinations related to Multiflow operation to DF-DC operation.

Proposal 3: DF-DC operation is proposed to be specified as an independent operation/configuration and relaying on a separate UE capability (than DF-3C/4C).
Proposal 4: A UE supporting DF-DC would also support SF-DC, but not vice versa.
Proposal 5: It is proposed RAN2 to discuss possible specifications impacts to allow/define DF-DC operation.
Proposal 6: It is proposed to send LSs to RAN1 and RAN3 to mention possible issues on DF-DC operation.
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