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1. Introduction

During RAN#53, a WI was approved aiming at standardising the Multiflow transmission for HSPA [1]. During the RAN2#77bis meeting, there were a few discussion papers expressing general thoughts on the UE Multiflow capabilities [2,3,4]. With this paper, we present two important aspects for the UE operation with Multiflow: the UE physical layer category and  the UE capabilities for particular Multiflow scenario.  

2. UE capabilities

2.1 Physical layer category

The Mutiflow functionality is based heavily on the existent MC-HSDPA principles with the main difference that several cells can be configured on the same frequency. Thus, it is logical to assume that a UE supporting Multiflow, e.g. the SF-DC scenario, will have the hardware similar to the one used for DC-HSDPA. Consequently, a UE supporting DF-3C and DF-4C might have hardware similar to 3C- and 4C-HSDPA. As a result, it is possible to re-use and rely upon the existent HSDPA design principles, such as the one used to indicate a UE capability for HARQ buffer sizes, modulations, and MIMO. The same idea was expressed also in [2] and  [3]. 

We propose that a UE signals and uses the existent “HS-DSCH physical layer category extension 2”, “HS-DSCH physical layer category extension 3”, “HS-DSCH physical layer category extension 4”, and “HS-DSCH physical layer category extension 5”  if it supports SF-DC, SF-DC with MIMO, DF-3C, and DF-4C, respectively. Such an approach should be sufficient from the buffer requirements point of view because data rates achievable with Multiflow at the cell edge will be smaller than peak rates achievable with a correspondent multi-carrier case. As an example, SF-DC rates will be smaller than with DC-HSDPA. 

Proposal 1a: A UE supporting Multiflow signals and uses a correspondent physical layer category extension. 

The Table 1 below gives a summary of how different Multiflow scenarios (with and without MIMO) can be mapped to the UE categories based on the correspondent multi-carrier case.

Table 1: Mutiflow scenarios and their mapping to the UE categories. 

	Multiflow scenario
	MIMO
	Extension
	Category

	SF-DC

(also DF-DC, which is under discussion)
	no
	2
	21, 22, 23, 24

	
	yes
	3
	25, 26, 27, 28

	DF-3C
	no
	4
	29

	
	yes
	
	30

	DF-4C
	no
	5
	31

	
	yes
	
	32


It is worth mentioning that the presence of a particular category extension should not mean that a UE supports the correspondent multi-carrier case, for which there exists a separate capability. As an example, 4C-HSDPA is indicated by the per-band “Additional secondary cells” IE and/or “Supported carrier combination” IE in the band combination list. Thus, if a UE implements DF-4C, but not 4C-HSDPA, then the presence of “HS-DSCH physical layer category extension 5” does not automatically mean 4C-HSDPA. 

At the same time, it is worth noting that DC-HSDPA, unlike 4C/8C-HSDPA, does not have any additional capability except the correspondent category extension. The “Multi-cell support” IE in the RRC Connection Request message, which a UE must set upon supporting DC-HSDPA, is not present in the SRNC relocation message and thus can cause inter-operability issues if a UE supports SF-DC, but not DC-HSDPA. At the same time, if there is a common understanding that  a UE implementing SF-DC also supports DC-HSDPA, then there is no issue.

Proposal 1b: The Multiflow SF-DC configuration implies support for DC-HSDPA. 

2.2 Support for Multiflow scenarios

Depending on the UE hardware and software limitations, only a particular set of Multiflow configurations might be supported. As a solution for the Multiflow capability signalling, a UE can indicate the maximum number of cells that can be configured as a part of the Multiflow configuration. If there is a common understanding that there can be two and only two  cells at a carrier frequency, then the network needs to know only the total number of cells to calculate how many frequencies they will span. However, such an approach does not cover more versatile and possible scenarios, where a UE can be configured with up to three  cells per a carrier frequency. Thus, the full signalling may also include either the maximum number of frequencies and/or the maximum number of cells a UE supports per a  frequency. The Table 2 below makes a summary of the existent Rel-11 Multiflow scenarios and how they can be encoded with the proposed solution (it must be noted that DF-DC is still under discussion)

Table 2: Mutiflow scenarios and their encoding based on the proposed solution. 

	Multiflow scenario
	Number of cells
	Number of frequencies

	SF-DC
	2
	1

	DF-DC
	2
	2

	DF-3C
	3
	2

	DF-4C
	4
	2


The Table 3 below shows a sample tabular implementing for the aforementioned approached. It should be noted that we reserve up to 8 cells and 4 frequencies to cover potentially future Multiflow scenarios, such as QF-8C.  

Table 3: Sample tabular implementing the proposed Multiflow capability signaling. 

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Number of  cells
	MP
	
	INTEGER(1..8)
	Total number of cells that can be configured to a UE as a part of Multiflow configuration.
	REL-11

	Number of  frequencies
	MP
	
	INTEGER(1..4)
	Total number of frequencies, across which the Multiflow can be configured.
	REL-11

	MIMO support 
	OP
	
	ENUMERATED(single-stream, dual-stream)
	Absence of this IE means that a UE does not support MIMO with Multiflow. Otherwise, it indicates whether a UE support single-stream or dual-stream MIMO.
	REL-11

	Non-contiguous carrier operation
	OP
	
	<omitted>
	If present, indicates that a UE supports the Multiflow operation with the non-contiguous carriers. 
	REL-11


Referring to Table 3, since RAN2 has agreed upon the combination of Multiflow and non-adjacent carrier allocation, it makes sense to have an additional IE telling what the exact capabilities are once cells are configured in the non-adjacent way.

In addition, since RAN1 has agreed that that Multiflow + MIMO capable UEs may or may not need more time to provide the HARQ feedback, it should be also reflected in the UE capability signalling.

Proposal 2a: Discuss and agree the single-band Multiflow capability signaling.

As a part of the Multiflow capability discussion, RAN2 should also make a decision whether these capabilities are signalled once per whole UE or independently per every frequency band that a UE supports. There are a few proponents who have already expressed an interest in signalling them per-band, which is in line with an approach for MC-HSDPA. 

Proposal 2b: The Multiflow capabilities are signaled  per frequency band. 

Since during the RAN2#77bis meeting it was agreed to allow to have the combination of Multiflow and dual-band, we can follow the same principles we expressed above for the single-band case. We believe that it is possible to achieve the flexible approach by letting a UE to signal how many cells and frequencies a UE supports per each band per given band combination. This approach is presented in the tabular definition below.

Table 4: Sample tabular implementing the proposed Multiflow capability signaling for dual-band. 

	Information Element/Group name
	Need
	Multi
	Type and reference
	Semantics description
	Version

	Radio Access Capability Band Combination List
	CV-not_iRAT_HoInfo
	1 to 16
	
	The absence of this IE indicates that the UE does not support Dual Band Operation. 
	REL-9

	>Band Combination 
	MP
	
	Integer(1..256)
	The integer value n indicates that the nth DB-DC Configuration (A,B) in table 5.0AA in [21] is supported by the UE.
	REL-9

	>Supported Carrier Combination 
	OP
	
	
	omitted
	REL-10

	..................................................
	.............
	..............
	........................
	...................................
	

	> Multiflow  Combination 
	OP
	
	
	
	REL-11

	>> Cells in band A
	MP
	
	INTEGER(1..6)
	Total number of cells in band A that can be configured to a UE as a part of Multiflow configuration. 
	REL-11

	>> Frequencies in band A 
	MP
	
	INTERGER(1..3)
	Total number of frequencies in band A over which Multiflow can be configured.
	REL-11

	>> Cells in band B 
	MP
	
	INTEGER(1..6)
	Total number of cells that can be configured to a UE as a part of Multiflow configuration in band B.
	REL-11

	>> Frequencies in band B
	MP
	
	INTERGER(1..3)
	Total number of frequencies in band B over which Multiflow can be configured.
	REL-11


Proposal 3: Discuss and agree the dual-band Multiflow capability signaling. 

3. Conclusions

As a summary, in this paper we have a few proposals regarding the UE Multiflow categories and capabilities for different scenarios.

Proposal 1a: A UE supporting Multiflow signals and uses a correspondent physical layer category extension. 

Proposal 1b: The Multiflow SF-DC configuration implies support for DC-HSDPA. 

Proposal 2a: Discuss and agree the single-band Multiflow capability signaling.

Proposal 2b: The Multiflow capabilities are signaled  per frequency band. 

Proposal 3: Discuss and agree the dual-band Multiflow capability signaling. 
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