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1 Introduction
At last RAN2#77bis meeting, a lot of contributions on UE multiflow capability ([1], [2], [3] and [4]) were presented and no conclusions were made. The contribution provides further analysis on UE multiflow capability.
2 Discussion
2.1 General consideration on UE multiflow category
In [4], we see that SF-DC is quite similar to DC-HSDPA, such as total number of soft channel bits, total number of serving/secondary serving HS-DSCH cells, maximum number of bits of an HS-DSCH transport block received within an HS-DSCH TTI and etc.
There are indeed different requirements on bandwidth of receiver for two features, e.g. a SF-DC UE should only support a 5 MHz receiver and a DC-HSDPA UE should support a 10 MHz receiver ([6]), but we do not think such difference will be essential in future, because more and more multi carrier capable UEs are coming into the market. In general it is natural to extend multi carrier capable UEs to support multiflow operation.
Currently, UE physical layer categories 21 to 32 are used for up to 4C-HSDPA features and details are shown in the table 1 (the first column and the second column).
Table 1: part of UE categories for multi carrier operations

	FDD HS-DSCH physical layer categories
	Multi carrier operations
	Multiflow operations

	Categories 21 to 24
	DC-HSDPA
	SF-DC

	Categories 25 to 28
	DC-HSDPA and MIMO
	SF-DC and MIMO

	Category 29
	3C-HSDPA
	DF-3C

	Category 30
	3C-HSPDA and MIMO
	DF-3C and MIMO

	Category 31
	4C-HSDPA
	DF-4C

	Category 32
	4C-HSDPA and MIMO
	DF-4C and MIMO


Regarding UE physical layer categories for multiflow, it is proposed to reuse the current HS-DSCH physical layer categories for multiflow UEs ([4]). For example in the third column in table 1, for SF-DC the same UE categories as for DC-HSDPA (categories 21~24) are used. Such a solution is simple and there are minimal impacts to TS 25.306 and TS 25.331.

Proposal 1: It is proposed to reuse the current HS-DSCH physical layer categories 21 to 32 for multiflow UEs.
Regarding multi carrier features, there are many physical channel categories and in addition UE category fall back mechanism has been introduced. In [5], there are a lot of rules for UE multi carrier category reporting mechanism. Here some rules are listed as below: 
If the UE signals an "HS-DSCH physical layer category extension 2" of 21, it shall signal an "HS-DSCH physical layer category extension" of 9, 10, 13, 14, 15, 16, 17 or 18.

If the UE signals an "HS-DSCH physical layer category extension 2" of 22, it shall signal an "HS-DSCH physical layer category extension" of 10, 14, 16 or 18.

If the UE signals an "HS-DSCH physical layer category extension 2" of 23, it shall signal an "HS-DSCH physical layer category extension" of 13, 14, 17, 18, 19 or 20.

If the UE signals an "HS-DSCH physical layer category extension 2" of 24, it shall signal an "HS-DSCH physical layer category extension" of 14, 18 or 20.

If the UE signals an "HS-DSCH physical layer category extension 4" of 29 or an "HS-DSCH physical layer category extension 5" of 31, it shall signal an "HS-DSCH physical layer category extension 2" of 24.

If the UE signals an "HS-DSCH physical layer category extension 4" of 30, it shall signal an "HS-DSCH physical layer category extension 3" of 28.

If the UE signals an "HS-DSCH physical layer category extension 5" of 32, it shall signal an "HS-DSCH physical layer category extension 4" of 30.

If the proposal 2 is agreed, the current mechanism can be simply reused on multiflow category reporting without impacts on the standard. So it is proposed:
Proposal 2: It is proposed to reuse UE physical layer category reporting mechanism on categories 21 to 32 for multiflow capable UEs.
2.2 Signalling of UE multiflow capability
For multiflow UEs, there is a need to differentiate between a Rel-11 only multi carrier capable UE and a Rel-11 multiflow capable UE in uplink RRC signalling, and a possible solution is to introduce a capability indication of “multiflow support”.
We give an example to show how the solution works. Column 1 is for UE HS-DSCH categories for multi carrier operation. Column 2 is for the new capability indication for multiflow UEs, and such indication is suggested to be added in the IE “Physical channel capability”. Column 3 and Column 4 are UE capabilities for multi carrier operations and multiflow operations.
Table 2: Examples of UE multiflow capability indication

	1. HS-DSCH physical layer category extension (extension 2 ~ extension 5) for multi carrier operation
	2. Multiflow support
	3. UE multi carrier capabilities
	4. UE multiflow capabilities

	21
	No
	DC-HSDPA
	Not supported

	21
	Yes
	DC-HSDPA
	SF-DC

	25
	Yes
	DC-HSDPA and MIMO
	SF-DC and MIMO

	29
	No
	3C-HSDPA
	Not supported

	29
	Yes
	3C-HSDPA
	DF-3C

	30
	Yes
	3C-HSDPA and MIMO
	DF-3C and MIMO

	31
	No
	4C-HSDPA
	Not supported

	31
	Yes
	4C-HSDPA
	DF-4C

	32
	Yes
	4C-HSDPA and MIMO
	DF-4C and MIMO


From UE point of view, there may be additional requirements on multiflow capability signalling, for example, a 4C-HSDPA capable UE may only support SF-DC operation, and thus a generic indication “Multiflow support” is not sufficient. In our opinion, such signalling flexiblity may be good to UE vendors, but we are not sure whether the use cases exist or not.
In [1], it was proposed to introduce “Number of cells”, “Number of frequencies” and “MIMO support” to indicate specific multiflow schemes, e.g. SF-DC, DF-DC, DF-3C and DF-4C. However, we are a little worried about such flexibility, because lots of capability combinations of multi carrier and multiflow are introduced, so that the network will have to be implemented with much complexity.
In general, we see that there is a need to differentiate between a Rel-11 only multi carrier capable UE and a Rel-11 multiflow capable UE. In addition, we would like RAN2 to discuss the requirement that whether there is a need to further indicate specific multiflow schemes or not.
Proposal 3: It is proposed to introduce new indcations to differentiate between a Rel-11 only multi carrier capable UE and a Rel-11 multiflow capable UE in uplink RRC signallings.

2.3 UE capabilities for multiflow and MIMO
According to [7], there are some requirements on indication for multiflow with MIMO, and details are as below:
· In addition to the multiflow categories/capabilities that may be introduced by RAN2, RAN1 would like to indicate the need for the following additional UE capability bits

· The Multiflow + Dual-Stream MIMO needs a separate UE capability

· The Multiflow + Single-Stream only MIMO needs a separate UE capability indication

· The Multiflow + DS/SS MIMO UEs need a separate capability indication whether they can meet the non-MIMO HARQ-ACK feedback timing requirement, or if a relaxed HARQ-ACK feedback timing is required 

In our opinion, if the proposal 2 is agreed, the Multiflow + Dual-Stream MIMO capability is also supported to be indicated.
For the second capability indication, one can naturally consider using the current IE “Support of MIMO only with single stream restriction” ([8]) in addition to multiflow capabilities, but that is not RAN1 intention of the capability indication. In [7], it is obvious that a “Multiflow and Single-Stream only MIMO” capable UE could support Multiflow and Dual Stream MIMO separately. If the UE reports a category not supporting MIMO and the IE “Support of MIMO only with single stream restriction”, only single stream MIMO is available for the UE no matter whether multiflow operation has been configured or not. So there is a need to introduce a new capability indication in uplink RRC signallings.
For the third capability indication, currently there is also existent IE that could be resued, so it is proposed to introduce a capability indication in uplink RRC signallings.
Proposal 4: It is proposed to introduce a capability indication for the multiflow and single-stream only MIMO.

Proposal 5: It is proposed to introduce a capability indication for the requirement on relaxed HARQ-ACK feedback timing when the multiflow is configured with dual-stream or single-stream MIMO. 
3 Conclusion

In this paper, we give further considerations on UE multiflow capability, mainly on UE multiflow category, signalling of UE multiflow capability, UE capabilities for multiflow and MIMO. It is proposed:
Proposal 1: It is proposed to reuse the current HS-DSCH physical layer categories 21 to 32 for multiflow UEs.
Proposal 2: It is proposed to reuse UE physical layer category reporting mechanisms on categories 21 to 32 for multiflow capable UEs.
Proposal 3: It is proposed to introduce new indications to differentiate between a Rel-11 only multi carrier capable UE and a Rel-11 multiflow capable UE in uplink RRC signallings.

Proposal 4: It is proposed to introduce a capability indication for the multiflow and single-stream only MIMO.

Proposal 5: It is proposed to introduce a capability indication for the requirement on relaxed HARQ-ACK feedback timing when the multiflow is configured with dual-stream and single-stream MIMO. 
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