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1
Introduction

There were a few questions that were raised in the e-mail discussion pertaining to Multiflow configurations following RAN1 #66bis. In this contribution, we discuss some of the issues raised and present a way forward.
2
Multiflow Configurations
In the e-mail discussion following the previous RAN1 meeting, a list of potential configurations was created in [1]. From a RAN1 perspective, it is important to consider whether there needs to be any restrictions imposed and come configurations disallowed. A summary of the multiflow configurations presented in [1] is shown in Table 1. 
Table 1: Multiflow Configurations
	Case
	Configuration
	Carriers from Primary Sector
	Carriers from Secondary Sectors
	Number of NodeBs

	
	
	
	Intra-NodeB
	Inter-NodeB
	

	1
	Intra-NodeB SF-DC
	F1
	F1
	
	1

	2
	Inter-NodeB SF-DC
	F1
	
	F1
	2

	3
	Intra-NodeB DF-4C
	F1, F2
	
	
	1

	4
	Inter-NodeB DF-4C
	F1, F2
	
	F1, F2
	2

	5
	Intra-NodeB DF-3C (1)
	F1, F2
	F1
	
	1

	6
	Inter-NodeB DF-3C (1)
	F1, F2
	
	F1
	2

	7
	Intra-NodeB DF-DC
	F1
	F2
	
	1

	8
	Inter-NodeB DF-DC
	F1
	
	F2
	2

	9
	Inter-NodeB DF-4C
	F1
	F1
	F2, F2
	2

	10
	Intra-NodeB DF-3C (2)
	F1, F2
	F2
	
	1

	11
	Inter-NodeB DF-3C (2)
	F1, F2
	
	F2
	2

	12
	Inter-NodeB DF-3C (3)
	F1
	F1
	F2
	2

	13
	Inter-NodeB DF-3C (4)
	F1
	
	F1, F2
	3

	14
	Intra-NodeB TF-3C
	F1
	F2, F3
	
	2

	14A
	Intra-NodeB TF-3C (2)
	F1
	F2, F3
	
	1

	15
	Intra-NodeB QF-4C
	F1, F2
	F3, F4
	
	2

	15A
	Intra-NodeB QF-4C (2),
	F1
	F2, F3, F4
	
	1

	16
	Inter-.NodeB TF-3C
	F1
	
	F2, F3
	3

	17
	Inter-NodeB TF-4C
	F1
	F2
	F1, F3
	2

	18
	Inter-NodeB QF-4C
	F1
	F2
	F3, F4
	2


2.1
P-CCPCH and Timing Delay between serving HS-DSCH cells
One common aspect of all the configurations listed in [1] is the existence of at least two data streams that are transmitted to the UE from cells on different sectors. Since the cells are not co-located, the P-CCPCH of at least two cells are asynchronous with respect to each other. 

The timing delay or the Tcell which determines the transmission of the SCH channels may be different for each cell participating in Multiflow. The Tcell corresponding to cells in different sectors in the same NodeB may be set differently to ensure that there is no overlap on the SCH channel thereby preventing interference. However, Tcell values for cells belonging to different NodeB can be the same and are by the C-RNC.
One aspect that needs to be addressed is the definition of a Multiflow configuration. Since the common aspect of all the configurations is the possibility of different P-CCPCH transmissions that occur between participating cells, it can be used as a definition.

Proposal 1: Multiflow configurations are those that could have asynchronous P-CCPCH transmissions for at least two participating cells

2.2
UL Feedback

An issue that was raised during the e-mail discussion was the complication of UL Feedback in some configurations, for example Inter-NodeB DF-DC. DF-DC is illustrated in Figure 1 as seen in [1].
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Figure 1: Illustration of Inter-NodeB DF-DC
In Figure 2, the UE receives data on two frequencies from cells in different NodeBs. It is essential that both cells receive HARQ-ACK and CQI information from the UE. In the existing HS-DPCCH channel format, the HARQ-ACK and CQI information is transmitted on a single UL carrier. In figure 1, if we assume that f1 is the carrier associated with the serving cell, the HS-DPCCH is transmitted on the uplink carrier corresponding to f1.

In this scenario, the issue raised is that second NodeB receives HS-DPCCH information on the uplink carrier corresponding to f1 while transmitting on f2 on the downlink. We consider that this configuration is feasible for the following reasons:

· Inter-NodeB DF-DC would only be configured when both the participating NodeBs have the carriers f1 and f2 enabled.
· HS-DPCCH reception on an uplink frequency corresponding to f1 while transmitting on f2 on the downlink is the same operation carried out in DC-HSDPA or DB-DC-HSDPA. Therefore, the functionality for this operations already exists from Rel-8 onwards.
· All other aspects of Inter-NodeB DF-DC operation are similar to Inter-NodeB SF-DC.

Therefore, it is considered that Inter-NodeB DF-DC and similar configurations should be considered as part of the Multiflow work item. 
2.3
HS-DPCCH Timing Reduction

Details about the modifications to the HS-DPCCH timing reduction are presented in [2]. From the UE’s point of view, the pairing of sub-frames can be based on the notion that the maximum sub-frame offset shall not be larger than 1.5 slots. Accordingly, sub-frames from multiple cells could be paired according to the pairing rule without any restrictions on the number of participating cells.
Note however, that the amount by which the HS-DPCCH timing is compressed may depend on the number of carriers and number of participating cells. See [2] for more details. 
Based on the information presented in [2], it is considered that the feedback design could be agnostic to whether the configuration is Intra-NodeB or Inter-NodeB. 

Proposal 2: The HS-DPCCH feedback design can be agnostic to whether the multiflow configuration is Intra-NodeB or Inter-NodeB.

Note also that the maximum timing reduction may be different if MIMO were to be allowed to be configured. Therefore, there may be different HS-DPCCH design options that may have to be considered for non-MIMO and MIMO configurations. At this point, it is considered that non-MIMO configurations be chosen as a baseline for HS-DPCCH design. Additionally, the feedback could be design for configurations 1 – 4 in [1]. Depending on the amount of HS-DPCCH timing reduction specified at the UE and the NodeB, the same feedback channel design may be applicable to many other configurations as well. It is perhaps not essential for RAN1 to consider unnecessary restrictions to the list of configurations especially if the design of the feedback channel could be applied to multiple configurations. It is important, however, for RAN2 to design the signaling such that it is agnostic to the number of cells or the number of carriers.

Proposal 3: As a baseline, HS-DPCCH feedback should be designed under the assumption that MIMO is not configured in Multiflow HSPA.

Proposal 4: Design HS-DPCCH feedback and timeline for configurations 1-4. Application of the same feedback design to other configurations is not precluded.
2.4
Multiflow operation from more than 2 NodeB’s

Consider configurations that allow for multiflow operation from more than 2 NodeBs as seen in Figure 2

[image: image2.png]



Figure 2: Illustration of a multiflow configuration with 3 participating NodeBs
In order for configurations such as the one described in Figure 2 to be beneficial, the UE would need to have medium to high geometry for each of the participating NodeBs. It is considered that such scenarios are perhaps unlikely to occur in practical deployments. Therefore, they can be precluded from the Multiflow work item.
However, note that similar configurations that involve only 2 participating NodeBs, such as the one depicted in Figure 3, are considered to be feasible due to RRH deployments. Note that for all the feasible configurations there is a limitation of only two cells per carrier.
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Figure 3: Illustration of a multiflow configuration with 3 participating cells from 2 NodeBs
Proposal 5: Multiflow configurations that involve more than 2 participating NodeBs are precluded from the work item. These correspond to configurations 13 and part of 16 in [1].
3
Multi-point/flow pre-configurations and re-configurations

For the case of intra-site (intra-NodeB) HSDPA Multiflow Data Transmission it would be beneficial, in order to reduce the control plane latency for Multi-Flow scheme re-configuration (e.g. from SF-DC to DF-DC, or vice versa), to allow the following functionality. The motivation is to allow for dynamic load balancing across space (e.g. SF-DC) and frequency (e.g. DF-DC).

· The RNC can pre-configure the UE and the NodeB with a set of Multiflow configurations (e.g. cells or frequencies) that could potentially be used for Multiflow HSDPA transmission

· For example, the UE is preconfigured with a secondary serving HS-DSCH cell A on a on a carrier frequency that is different than the carrier frequency on which the serving HS-DSCH cell is configured (as in DC-HSDPA and DB-DC-HSDPA) as well as with a secondary serving HS-DSCH cell B on the same carrier frequency on which the serving HS-DSCH cell is configured

· The NodeB can activate and de-activate certain configurations via existing (re-usable) physical layer (HS-SCCH) orders, based on specific NodeB conditions, constraints or preferences.

· For example, the NodeB could

· by default, activate secondary serving HS-DSCH cell A

· If the UE is only capable of simultaneously receiving 1 secondary serving  HS-PDSCH cell , and if CQI reports of secondary serving HS-DSCH cell A is low (lower than a threshold) for a certain period of time, then based on loading conditions, the NodeB could decide to de-activate secondary serving HS-DSCH cell A and activate secondary serving HS-DSCH cell B

· if the UE is capable of simultaneously receiving  more than 1 secondary serving HS-DSCH cell, the UE can transmit CQI reports of the serving HS-DSCH cell, secondary serving HS-DSCH cells A and B using Rel-10 CQI reporting procedures (as defined for 3 carriers in Rel-10 4C-HSDPA). Based on these reports, the NodeB can dynamically decide to activate secondary serving HS-DSCH cell A or B.

The above mechanism would be complementary to RNC based RRC reconfigurations, which would be required for the inter-NodeB case and possible usable for the intra-NodeB case as well, though the RRC procedure will be slower and will depend on UE reporting pilot measurements based on event triggers.
Proposal 6: Introduce a mechanism, to be used for the intra-site multiflow transmission, allowing the RNC to pre-configure specific HSDPA Multiflow configurations, which can be activated/de-activated by NodeB orders.

3
Conclusions
In this contribution, we discuss issues that have been brought up that pertain to Multiflow configurations. Based on the discussion presented in Section 2, the following proposals are made:

Proposal 1: Multiflow configurations are those that could have asynchronous P-CCPCH transmissions for at least two participating cells
Proposal 2: The HS-DPCCH feedback design can be agnostic to whether the multiflow configuration is Intra-NodeB or Inter-NodeB.

Proposal 3: As a baseline, HS-DPCCH feedback should be designed under the assumption that MIMO is not configured in Multiflow HSPA.

Proposal 4: Design HS-DPCCH feedback and timeline for configurations 1-4. Application of the same feedback design to other configurations is not precluded.
Proposal 5: Multiflow configurations that involve more than 2 participating NodeBs are precluded from the work item. These correspond to configurations 13 and part of 16 in [1].

Proposal 6: Introduce a mechanism, to be used for the intra-site multiflow transmission, allowing the RNC to pre-configure specific HSDPA Multiflow configurations, which can be activated/de-activated by NodeB orders.
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